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INTRODUCTION 


fe KEEP abreast of the increasing volume of work being done in the field o/ 
nuclear research, a group of chemists and physicists at Clinton National 
Laboratory formed a committee in the fall of 1946 to issue monthly lists of the 
experimental results on nuclear properties reported in project reports and sci- 
entific journals during the previous month. Data on nuclear reactions, cross 
sections, masses, abundances, moments, and radioactivity were to be included. 


After a year’s work, the available lists were cumulated in notebooks by 
committee members. Examination showed that project work was becoming 
declassified and published so rapidly that non-project literature references could 
be given for over two-thirds of the entries. It seemed probable that within a 
few months from that time most of the remaining project items would also be 
published in regular journals and that if the work of compilation continued the 
open literature entries would soon contain almost all of the nuclear constants 
recently determined. The committee, therefore, felt that the publication of the 
first year’s open items might be generally useful, especially if followed by future 
compilations of the same kind. 


From time to time in the past, various extremely helpful lists of nuclear 
data have been compiled, such as the Seaborg tables (1), the Mattauch-Fluegge 
tables (2), Megger’s list of nuclear moments (3), the Goldsmith-Ibser-Feld 
neutron cross-section graphs (4), the fission product table (5), etc. In the 
near future, the Sub-committee on Nuclear Constants of the National Research 
Council expects to publish tables of absolute masses, relative isotopic abun- 
dances, nuclear spin and moments, characteristics of radioactive isotopes, and 
neutron activation and absorption cross sections. The rate at which new 
work is done, however, is so great that such lists often become seriously out of 
date shortly after publication. One purpose of this tabulation is to make it 
possible to keep such review lists and tables up to date. 


An effort was made to include all pertinent material in the issues of the 
journals listed below. Occasionally items from earlier issues were included 
because they seemed to be of special interest or because the information they 
contained was not to be found in available tables. Foreign journals have not 
been received regularly during the past year. For this reason, there are some 
discontinuities in the numbers of some of the journals which were surveyed. 


All information is listed under the element concerned and, where measure- 
ments on a particular isotope of an element have been possible, undcr the isotope 
in question. Where a nuclear reaction has been the chief concern of an experi- 
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menter, the results are given under a heading for the reaction. When a reaction 
has been used to produce a radioactive species which was the main object of 
study, the reaction is listed as a method of production under the radioactive 
nucleus in question and is not repeated as a reaction item. When information 
about the energy levels of a reaction product is to be obtained from the reac- 
tion data, attention is called to this fact by a cross reference under the product 
nucleus. There are, however, no cross references to energy level data to be 
obtained directly from the 8 decay of a parent. 


The committee members have had the benefit of many helpful discussions 
with other members of the laboratory. They have also received much appre- 
ciated help with the checking and proofreading from Mrs. Georgia Haines and 
Miss F. E. Pleasanton. 


G. T. Seaborg, Table of Isotopes, Rev. Mod. Phys. 16, 1 (1944) 

J. Mattauch, 8. Fluegge, ‘Nuclear Physics Tables,’ (Interscience Publishers, Inc., New York, 1946) 

W. F. Meggers, Spectroscopy, Past, Present, Future, J. Optical Soc. Am. 36, 431 (1946) 

H. H. Goldsmith, H. W. Ibser, B. T. Feld, Neutron Cross Sections of the Elements, Appendix C, 
“The Science and Engineering of Nuclear Power,"’ (Addison-Wesley Press, Inc., Cambridge, 
Mass., 1947) and Rev. Mod. Phys. 19, No. 4 (1947) 

Nuclei Formed in Fission, issued by the Plutonium Project, J. Am. Chem. Soc. 68, 2411 (1946) 
and Rev. Mod. Phys. 18, 513 (1946) 
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List of Journals, Volume and Numbers, Surveyed for Nuclear Data 





Journal Abbreviation Used Volume, Numbers 


Abstracts of American Chemical | Abstracts Am. Chem. | 111th Meeting, 
Society Meeting Soc. Meeting Apr. (1947) 
112th Meeting, 
Sept. (1947) 


Annales de chimie Ann. de chimie 1, Jan.—Apr. (1946) 
2, Jan.—Aug. (1947) 





Annales de physique Ann. de physique 1, Jan.—Apr. (1946) 
|. Jan.—Aug. (1947) 
Arkiv for Matematik Astronomi|Arkiv Mat. Astron. 32 (1945-46) 
och Fysik | Fysik 33, Nos. 3, 4 (1947) 
34, No. 1 (1947) 


Bulletin of the American Physi- | Bull. Am. Phys. Soe. | Covered by Phys. Rev. 
cal Society 
| | 
Canadian Journal of Research | Can. J. Research 24 A and B (1946) 
26 Aand B, Nos. 1-5 (1947) 


Chemical Abstracts Chem. Abstracts 40, Nos. 16-22 (1946) 
41, Nos. 1-18 (1947) 


Chemical Reviews Chem. Rev. | 38, 39 (1946) 
40 (1947) 
|41, No. 1 (1947) 


| 

Comptes rendus, hebdomadaires | Comptes rendus 223 (1946) 

des seances de l’academie des 224 (1947) 

sciences 225, Nos. 1-17 (1947) 
Comptes rendus (Doklady) de|Comptes rendus acad. | 52, 53, 54 (1946) 

l’academie des sciences de sci. U. R. S. 8S. 56 (1947) 

PU. BR. 6.6. | 56, No. 1 (1947) 
Helvetica Physica Acta | Helv. Phys. Acta 19 (1946) 

20, Nos. 1-3 (1947) 

Journal of the American Chemi- IJ. Am. Chem. Soc. 68, Nos. 7-12 (1946) 

cal Society 69, Nos. 1-9 (1947) 
Journal of Chemical Physies J. Chem. Phys. 14, Nos. 7-12 (1946) 
15, Nos. 1-9 (1947) 


Journal of Chemical Society, | J. Chem. Soe. Sept.—Dec. (1946) 
London Jan.—Sept. (1947) 


Journal de chemie physique et | J. chim. phys. 43 (1946) 
de physico-chimie biologique | 44, Nos. 1-5 (1947) 


Journal of Physical Chemistry | J. Phys. Chem. 20, Nos. 9-12 (1946) 
(U.S. 8. R.) U. 8.8. R. 21, Nos. 1-8 (1947) 
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List of Journals, Volume and Numbers, Surveyed for Nuclear Data—Continued 





| Abbreviation Used | 


Journal! 
= | 





Journal de physique, et le/J. de phys. et rad. 
radium 





Journal of Physies (Academy of | J. Phys. U.S. S. R. 
Sciences of the U. 8S. 8. R.) 


Journal of Research of the Na- | Bur. Stand. J. Research 


tional Bureau of Standards | 
| 


Kongelige Danske Videnska- | Kgl. Danske Videnskab. 
bernes Selskab, Det, Matema-| Selskab, Mat-fys. 
tisk-fysiske Meddelelser | Medd. 


Nature Nature 


Naturwissenschaften Naturwiss. 


Nuovo cimento, Il Nuovo cimento 


Phil. Mag. 


Philosophical Magazine 


Physical Review Phys. Rev. 


Physica Physica 


Physikalische Zeitschrift Physik. Zeits. 
Proceedings of the Royal Society 
(London). Series A. Mathe- 
matical and physical sciences 


Proc. Roy. Soc. 


Reviews of Modern Physics Rev. Modern Phys. 





Science Science 


| 
Science Abstracts, Section A | Science Abstracts A 
(Physics Abstracts) 


Zeitschrift fiir Naturforschung | Z. Naturforsch. 


Zeitschrift far Physik | Zeits. f. Physik 


Volume, Numbers 


8, Nos. 3, 4 (1947) 
10 (1946) 

11, No. 1 (1947) 
36, 37 (1946 

| 38 (1947 


39, Nos. 1, 2 (1947) 


22 (1945-46) 
23 (1945 46) 


| 158 (1946) 
} 169 (1947) 


160, Nos. 4053-4065 (1947) 
32, Nos. 1-43 (1944) 
3 (1946) 


37 (1946) 
38, Nos. 276-280 (1947) 


70, Nos. 3-12 (1946) 
71 (1947) 
(72, Nos. 1-9 (1947) 


| 

12 (1946) 

}13, Nos. 1-3 and 8 (1947) 
| ; 


45, No, 1-18 (1944-45) 


| 185, 186, 187 (1946) 
|188, 189, 190 (1947) 
191, No. 1024 (1947) 
18, Nos. 3, 4 (1946) 
}19, Nos. 1-3 (1947) 


| 104, Nos. 2688-27 13 (1946) 
105 (1947) 
| 106, Nos. 2740-2752 (1947) 


|49, Aug.—Dec. (1946) 
| 60, Jan.—Sept. (1947) 


| 
1, Nos. 1-8 (1946) 


| 123, Nos. 1, 2 (1944) 
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ABBREVIATIONS 





All energies are given in Mev’s unless | Breit-Wigner formula for cross section 


otherwise stated 

All cross sections are given in barns 
(10-24 cm?) unless otherwise stated 

All cross sections are for neutrons unless 
otherwise stated 


B- = negative beta particles 

Bt = positive beta particles 

Y = gamma rays 

a = alpha particles 

n = neutrons 

p = protons 

d = deuterons 

t = tritons 

e = internal-conversion or sec- 
ondary electrons 

e” = positrons 

o = cross section 

Ca = ¢ (total absorption) 

Cac = ¢ (activation) 

oy = ¢ (fission) 

Os = ¢ (scattering) 

Gin = ¢ (inelastic scattering) 

Cel = ¢ (clastic scattering) 

ot =o (total = absorption + 
scattering) 

Ctr = ¢ (transport) 

a = scattering length in units 


of 10-7 cm. a is equal to 
the square root of coherent 
scattering cross section of 
the element taken with the 
propersign. In case of mono- 
isotopic elements with no 
spin o, =47a*A?/(A +1)”, 
Plus sign is taken by con- 
vention for oxygen 

Ner = transport mean free path 

E;, E,, etc. = energies of the particles in- 
dicated by the subscripts. 
Figures after §’s indicate 
maximum energies 

th = thermal 

“ = energy of neutrons that 
have been slowed down in 
paraffin or water. Cd dif- 
ferences taken 


Ne = neutron wavelength 
Vy = neutron velocity 
Ra = range of alpha particles in 


air at 760 mm Hg and 15°C 
unless otherwise specified 





oI'2(E,/E)§ 
4(E, — FE)? +717? 

Vo = resonance energy 

Fo, Fos, Cor = absorption, scattering, and 
total cross sections, respec- 
tively, at Z, 

r = whole width at half maxi- 
mum of resonance absorp- 
tion curve 


near resonance: ¢ 


Q = energy released ina nuclear 
reaction 

q = quadrupole moment in 
units of 10-4 em? 

B = magnetic moment in nu- 


clear magnetons 


t = nuclear spin 

L = diffusion length for neu- 
trons = (3N%o104)74 where 
N = number of atoms per 
unit volume 

Ny = number of unconverted 
gamma rays 

N, = number of conversion 
electrons 

N. 7 , 
——__*— =a, coefficient of internal 
N.+WN,y 


conversion 
int. conv. = internal conversion of 
gamma ray 
conv. coeff. = conversion coefficient, 
a=WN./(N.+N,) 
Mass assignments or radiation energies 
which are in some doubt are enclosed 
in parentheses 


pah = microampere hour 

M = atomic mass 

rd = rutherford (10° disint./sec) 
| the = isomeric transition 


The following abbreviations have been 
used to indicate the method of energy 
determination of §’s and y’s. In the 
table, they are shown enclosed in brackets. 


abs. = absorption 

cl. ch. = cloud chamber 

m spect. = 180° spectrometer 

l spect. = magnetic lens 
spectrometer 

spect. = spectrometer; author 


does not specify type 
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ABBREVIATIONS—Continued 


abs. e~ = absorption of conversion 
electrons 
abs. sec. €~ = absorption of secondary 


electrons 

coincid. meas. = measurements with 
beta-gamma or 
gamma-gamma coin- 
cidence counters 


NUCLEONICS - May, 1948 





coincid. abs, = beta- and gamma-coin- 
cidence counters with 
beta absorbers 
coincid. abs, 
sec. e = secondary electrons with 
coincidence counters 
and absorbers 
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O—NEUTRON (n) 


1—HYDROGEN (H) 








Atom or 


Molecule 


n 








= 


Information 


— 1.9103 + 0.0012 


Remarks 





From ratio of neutron proton 
0.68479 + 0.0004 
radio-frequency 


moments of 
obtained by 


method. 


Reference 
|W. R. Arnold, 4 
Roberts, Phys. 





|70, 766 (1946) and 


71, 878 (1947) 





1—HYDROGEN (H) 





H 


| 


| 
Extrapolated value of o;} 
for epithermal n’s=20.8 





31.8+0.6 


o,(H) 


290° K 


27.2+1.6 77K 
26.2+2.9 20° K 


| 7H) =85; 


An=5.1 A.U. 


o; for E, =0.035—0.490 


| Or for E,,=0.35-6.0 





o; for E,=6-21 


Cr E 


1.73 “4.1 
0.69 12.5 
0.694 13.5 


o4(B)/o,(H) =2270+30 


Gas T mp. 


E,,~0.003 ev, 


krom transmission of He gas 
kept at different temperatures 
for Ra-Be “‘C”’ neutrons. 
o,=19.6+1.4 for free H for 
thermal Sachs-Teller 
theory. 


n's by 


Gas at room temperature. 


Neutrons produced by Li (p,n) 
detected by means of p-recoil 
proportional counter. 


Calculated value based on data 
of Frisch. Not appreciably 
affected by uncertainties in 
potential. 





| Neutrons produced by Li (p,n), 
| C (d,n), and D (d,n) detected by 
counting individual recoil p's 
lin ionization chambers of var- 
used as 
used to 


ious designs. CoH» 
Graphite 





scatterer. 
find o,(C). 
| Li d n's in given energy range 
detected by knock-on p's. Best 
| over-all fit to data given by 
| ‘‘symmetrical’’ theory of Rarita 
and Schwinger. 

| Neutrons produced by Be d, 
B d, and Li d. Recoil p's in 


| certain energy ranges selected 
| by absorbers and coincidence 
| counters. 

| From integration of n densities 
in aqueous solutions containing 
Ra-a-Be source. 








| A25, 261 (1947) 


A. Gibert, J. Rossel 
| Helv. Phys. Acta 19, 
255 (1946) 
} 


| 


E. Fermi, L. Mar- 
shall, Phys. Rev. 71, 
666 (1947) 


D. H. Frisch, Phys. 
Rev. 70, 589 and 792 
(1946) 


D. Bohm, C. Rich- 
man, Phys. Rev. 71, 
567 (1947) 


C. L. Bailey, W. E. 
Bennett, T. Berg- 
stralh, R. G. Nuc- 
kolls, H. T. Rich- 
ards, J. H. Williams, 
Phys. Rev. 70, 583 
(1946) 


W. Sleator, Jr., 
Phys. Rev. 72, 207 
(1947) 


M. Ageno, E. Amal- 
di, D. Bocciarelli, 
IG. C. Trabacchi, 
| Phys. Rev. T1, 20 
| (1947) 





W. J. Whitehouse, 
G. A. R. Graham, 
Can. J. Research 
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1—Hydrogen (H) 





Atom or 


Molecule 


H 


H:,0 


H' p 
(p-p scatter- | 
ing) 


H' n 
(n-p scatter- | 
ing) 
| 
| 


| Curves 


Information 


oa(Mn)/oa(H) = 4241.5 


o: for E,=0.35-6 


L=2.77+0.04 em for Cd 
absorbable n’s 


L=2.88+0.07 em for B 
absorbable n's 
Curve given for proton- 


. | 
proton scattering as func- | 


tion of angle for E,=4.2 


~ 


‘urve given for proton- 
proton scattering as func- 
tion of angle for E,=8 


‘urve given for proton- 


proton scattering as func- | 


tion of angle for Ep,=10 


‘urve given for proton- 
proton scattering as func- 
tion of angle for Ep= 14.5 


Angular distribution in n-p 


scattering studied for 


E, = 12-13 


given for o(n,p). 
As function of angle for 
E,=9.2 and 13.4. Asym- 
metry found 


}in H,O surrounding flask con- 


Remarks 





Mn. 


Methods similar to those em-| 





| From measurement of n density 


| taining 1 gm Ra-Be source 
water and_ absorber. Mn 
detector. 


| Photographic plates used for 
detection. Observations con- 
sistent with pure S scattering. 
Theoretical curve for S wave 
scattering using square well of 
depth 10.5 and width 
fits results. Other possibilities 
| not excluded. 


e mc 





| Experimental points best fitted 
| by S wave scattering with 
|above potential plus 
admixture of repulsive P wave 
effects. 


small 


Results consistent with pure 
S wave scattering with above 
potential or S plus small ad- 
mixture of repulsive P effects. 


High pressure cloud chamber 
used. 
metry in center of mass system. 


Photographic method. Results 
used by Ramsey to check 
Moller-Rosenfeld meson the- 
ory. Meson mass indicated is 
r~ 215 electronic masses. 


ployed by Bailey, et al. See H. 
| 


| | 


Creutz, 


Possible slight asym-| 








Reference 





From determination of n den-| R. Ballini, A. Ber- 
sities in aqueous solutions of | 


thelot, C. Smeets, 


Comptes rendus 225, 
328 (1947) 


R. G. Nuckolls, C. 
L. Bailey, W. E. 
Bennett, T. Berg- 
stralh, H. T. Rich- 
ards, J. H. Williams, 
Phys. Rev. 70, 805 
(1946) 


A. Berthelot, R. Co- 
hen, H. Peel, Comp- 
tes rendus 225, 406 
(1947) 


A. N. May, C. F. 
Powell, Proc. Roy. 
Soc. A190, 170(1947) 


R. R. Wilson, E. 
Phys. Rev. 
71, 339 (1947) 


R. R. Wilson, Phys. 
Rev. 71, 384 (1947) 


R. R. Wilson, E. 
J. Lofgren, J. R. 
Richardson, B. T. 
Wright, R.S. Shank- 
land, Phys. Rev. 71, 
560 (1947) 


J. S. Laughlin, R. 
G. Kruger, Phys. 
Rev. 71, 736 (1947) 


Occhialini and C. F. 
Powell quoted by 
W. H. Ramsey, 
Proc. Roy. Soc. 
A191, 195 (1947) 
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1—Hydrogen (H) 





Atom or 


Molecule 


Information 





Hin 
(n-p scatter- 
ing) 


H'd 
(d-p scatter- 
ing) 


H? 
(D) 


H?n 

(n-d scatter- 
ing) 

H? p 

(p-d scatter- 
ing) 


Curve given for intensity of 
recoiling p’s as function | 
| 


| Pronounced minimum found at 


of angle for E,=2.53 


Curve given for intensity 
of scattered d's as func- 
tion of angle for Ez=6.7 


»=0.85647 + 0.0003 


o;(D) 
11.4+0.6 


7.6+0.6 


1.79 
0.78 
0.864 


o; for E,=0.35-6 


Curve given for intensity of 
recoiling d's as function 
of angle for E,=2.53 


Curve given for intensity of 
scattered p's as function 
of angle for E,=4.2 


Curves given for intensity 
of scattered p's as function 
of angle for E,=0.825, 
1.51, 2.08, 2.53, 3.00 and 
3.49 


o,(D,0) =15.3; E,=th 


Xw(D20) =2.4+0.1 em, 
E,=th 
@tr(D2O) = 12.6 





| 


| Remarks 


Reference 





Departure from isotropic scat- 
tering not more than 10%. 


angle of ~ 100° in center of 


| Mass system. 


From ratio of deuteron-proton 
of 
by 


moments 
obtained 
method. 


radio-frequency 


Used Ra-Be-paraffin source. 


Dy detector. 
Au resonance. 
| See Hi. 


|/and measured value of o;(C), 
q. v. 


Used heavy paraffin 





| From measurements for D,O,| 
measure- | 


H.O and 
| ments for H of Bailey et al., q. v. 


previous 


| 
Pronounced maximum found at 


angle of ~180° in center of | 
| 70, 592 (1946) 


mass system. 
Pronounced minimum found at 
mass system. 
Large anomaly found by Tuve, 


et al., for E,=0.830 does not 
appear for E,=0.825. 


From measurement of n density 
gradient near H,O, D.O bound- 
ary. Based on o,(H,O) =94.1. 


From measurement of d, dis- 
which extrapolated n density 


vanishes, and the relation 
| Nw =d/0.71. 





0.30702 + 0.0001 | 





angle of ~100° in center of | 


tance from edge of vessel at | 





J. Hl. Coon, 8H. 
H. Barschall, Phys 
Rev. 70, 592 (1946 


H. Heitler, A. N, 


| May, C. F. Powell, 


Proc. Roy. S¢ 
A190, 180 (1947 


W. R. Arnold, A, 
Roberts, Phys. R. 
70, 766 (1946) and 
71, 878 (1947) 


P. Demers, Can. J. 
Research A224, 117 
(1945) 


M. Ageno, et al., 
Phys. Rev. 71, 20 
(1947) 


R. G. Nuckolls, et 
al., Phys. Rev. 70, 
805 (1946) 


J. H. Coon, H. H. 
Barschall, Phys. Rev. 


H. Heitler, e al. 
Proc. Roy. Soc. 
A190, 180 (1947) 


R. Sherr, J. M. 
Blair, H. R. Kratz, 
C. L. Bailey, R. F. 
Taschek, Phys. Rev. 
72, 662 (1947) 


H. Raether, Z. Na- 
turforsch. 1, 367 
(1946) 


P. Auger, A. M. 
Munn, B. Ponte- 
corvo, Can. J. Re- 
search 235A, 143 
(1947) 








May, 1948 - NUCLEONICS 








194 


WwW 


7 


Va- 
567 


M. 
te- 
“aj 
43 


CS 





1—Hydrogen (H) 
2—HELIUM (He) 





Atom or 


Molecule 


Information Remarks 


Reference 





2=171+20 cm | From n density in tank of D.O 




















H:20 B. W. Sargent, D. V. 
D0) placed on graphite column | Booker, P. E. Cav- 
containing photo n_ source. | anagh, H. G. Here- 
Measurements corrected for | ward, N. J. Niemi, 
presence of H'. |Can. J. Research 
|} 25A, 134 (1947) 
o,(D.0) =0.92 mb Calculated from above L and| B. W. Sargent, D. V. 
Nir = 2.4. | Booker, P. E. Cav- 
anagh, H. G. Here- 
ward, N. J. Niemi, 
Can. J. Research 
/25A, 134 (1947) 
| 
H? B- 11+2 kev | From measurement of window|R. J. Watts, D. 
| thickness and potential neces-| Williams, Phys. Rev. 
| sary to stop 8 rays. | 70, 640 (1946) 
| 
| | 
Spin= 4, Nuclear induction method. |F. Bloch, A. C. 
uw (H*) /u( A?) | Graves, M. Pack- 
1.066636 + 0.00001 ard, R. W. Spence, 
Phys. Rev. 71, 373 
and 551 (1947) 
g(H*) /g(H!') = een ratio. H. L. Anderson, A. 
1.06666 + 0.00010 | | Novick, Phys. Rev. 
; |71, 372 (1947) 
2—HELIUM (He) 
He Relative abundance: Small correction made to val-| H. A. Fairbank, C. 
He®/Het=1.3X10-§ for| ues given by Aldrich and Nier,| T. Lane, L. T. Al- 
atmospheric He | Phys. Rev. 70, 983 (1946). | drich, A. O. Nier, 
He*/He*=1.6X1077 for | Phys. Rev. 71, 911 
well He | (1947) 
Seattering in photographic | Unusually long tracks after) P. I. Lukirsky, M. 
emulsions studied scattering indicate reaction|G. Mescheryakov, 
| A+He’, He'+(A—1). T. I. Khrenina, 
Comptes rendus acad, 
sci. U.R.S.S. 56, 
| 117 (1947) 
He‘ p Curve given for intensity of | Pronounced minimum found|H. Heitler, e¢ al., 


, re a 
scattered p’s as function| at ~100° in center of mass 


of angle for E,=4.2 | svstem. 


| Proc. Roy. Soc. 
| A190, 180 (1947) 
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2—Helium (He) 
3—LITHIUM (Li) 








Atom or 


| Reference 








M. Mescheryakov, 
| A. Reut, E. Grigor’. 
ev, T. Khrenina 
Comptes rendus acad 
|sct. U.R.S.S. 62, 
765 (1946); Chem 
| Abstracts 41, 154S8f 


J. M. Cassels, R 


Molecule Information Remarks 
He5 | He®/He*<10-" for well He 
| | (1947) 
| 
| } 
He® T; =0.87 £0.06 s From counts produced from 


Be n reaction using cyclotron 
with modulated high frequency 


set. 


Latham, Nature 159, 
| 367 (1947) 
| 





3—LITHIUM (Li) 





Li a= —0.59 From crystal interference ex- 
periments. 
4na*A?/(A+1)?=3.4 

Oo: En Source Detector 
0.9+0.2 0.1 Ra-y-Be Dy+ 6 cm paraffin 
2.2+0.4 0.2 Th-y-D Dy+~10cm “ 
1.0+0.2 0.3 Ra-y-Be Dy+10-l2em “ 
2.3+0.5 0.4 Th-y-Be Dy+~10cm 


o,=(1.7+0.2)+ Between 0.015 and 250 ev. 
(11.5+0.2)/E} | LiF used in Al container. 


| Assumedoa(F) = 2.5,¢(Al) = 1.5. 


0e(Li)/o4(B) = From spacial distribution of n’s 
0.0948 + 0.0013 | from Ra-a-Be source in aque- 
ous solutions containing Li 

and B. 


oa=59, v, = 2200 m/s, From measurement of diffusion 
E,=th length of heavy water contain- 
ing LixCO3. Aw =2.31 for heavy 
water used. 
| 
| 
Li’ | ae 0.001, E,=th Compared Li® activity with 


| Excited state at 0.42, see | In activity. 
B'!(n, a) Li? 


| From y ray produced by in- 

elastic scattering of Po a's by 
| Li. Measured with magnetic 
| lens spectrometer. 


Excited state at 0.462 
See also B"(n, a)Li’ 


E. Fermi, L. Mar- 
shall, Phys. Rev. 71, 
666 (1947) 


| T. A. Goloborodko 
J. Phys. U.S.S.R 
11, 44 (1947) 


J. Rainwater, W. W. 
Havens, Jr., Phys. 
| Rev. 70, 154 (1946 


F. W. Fenning, G. 
|A. R. Graham, H. 
Seligman, Can. J. 
Research A25, 73 
(1947) 

H. G. Hereward, G. 
C. Laurence, A. M. 
Munn,H.R. Paneth, 
B. W. Sargent, Can. 
| J. Research A25, 26 
(1947) 


M. J. Poole, E. B. 
Paul, Nature 158, 
482 (1946) 


|K. Siegbahn, H. 
| Slitis, Nature 159, 


471 (1947) 
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3—Lithium (Li) 





Atom or 


Molecule 


Li’ (y, p) He® 


Li’ (p, 2a 


Information 


pw =3.22+0.02 


Cac=0.033; E,=th 


Resonances for production 
of n's, Y's. B's at Ea = 0.65 
and 1.02. Resonances for 

B's only at Eqg=1.35. 

y of 4.9 Mev found in 

addition to one of 0.45 

Mev already known 


Chreshold = 9.5 +0.3 


Angular distribution of 8 
em a’s found for 
E,=0.4-1.4 


Produced by Be*(y, p), 


E,=20. 
Threshold = 18 +1 


Momenta of a's following 8 
emission studied with 


el. ch. 


2a’s with ~ same energy 
per disintegration. 

a group with E,=1.65 and 
half-width 0.9 


T; =0.89 + 0.02 s 


Remarks Reference 


From ratio of gyromagnetic mo-| A. Bolle, G. Puppi, 
G. Zanotelli, Nuovo 


cimento 3, 412 (1946) 


ments g(H)/g(Li) =2.60 + 0.02 
found | 
| method. 

| 


by nuclear induction 


Based on o,-(F'®) =0.01. ~11}D. J. Hughes, D. 


Mev §8™'s found from abs. and| Hall, C. Eggler, E. 
el. ch. Activity linear with | Goldfarb, Phys. Rev. 
sample thickness ruling out | 72, 646 (1947) 


production by H®. 

| 

| 
Resonances attributed to ex-| W. E. Bennett, T. 
cited states of Be’. Neutrons! W. Bonner, H. T. 
show departure from spherical! Richards, B. E. 
different | Watt, Phys. Rev. 

71, 11 (1947) 


symmetry which is 


for two resonances. 


R. A. Becker, A. O. 
| Hanson, B. C. Div- 
len, Phys. Rev. 71, 

466 (1947) 
| | 
Data fitted by two resonances|S. Rubin, W. A. 
| having [!' =1 at 0 and 1.8 Mev,| Fowler, C. C. Lau- 


Calculated value = 10.1. 
20 Mev betatron used. 





| roughly. ritsen, Phys. Rev. 
71, 212 and 275 
} (1947) 


| Li’ identified by half-lite and 8) W. Ogle, L. Brown. 
energy of 12 Mev. R. Conklin, Phys. 
} Rev. 71, 378 (1947) 
W. A. Fowler, C. C. 
Lauritsen, T. Lau- 
ritsen, E. R. Cohen, 
R. F. Christy, Phys. 
| Rev. 72, 738 (1947) 
T. W. Bonner, J. E. 
| | Evans, C. W. Ma- 
Corresponds to excited level in| lich, J. R. Risser, 
Be at 3.3 with half-width 1.8.| Phys. Rev. 72, 163 
(1947) 
|D. J. Hughes, D. 
| Hall, C. Eggler, E. 
Goldfarb, Phys. Rev. 
72, 646 (1947) 


Data consistent with assump- 
tion of no angular correlation 
between 8 and neutrino. 
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4—BERYLLIUM (Be) 
Atom or A 
Information Remarks Reference 
Mok cule 
BeO lor for E,=0.004-0.5 ev.| Results in agreement with! E. Fermi, W. J. P 
Microcrystalline sample | theory. Sturm, R. G. Sachs ] 
Be scatters in phase with O | Phys, Rev. 71, 589 
| (1947) 
or E. | P. Demers, Can. J, 
6.7 +0.8 C | Dy detector. Cd difference. Research A24, 117 
10.0+2.4 1.44 In resonance, (1946) 
14.8+1.1 4.8 |} Au resonance. | 
| 
o (backscattering) Bias |See C. Slightly higher values | J. H. Manley, H. M 
0.68+0.04 1.4 | found for thicker sample. Agnew, H. H. Bar- 
0.37 + 0.03 1.7 schall, W. C. Bright, 
| ‘ . > 
Incident E,=3.1 | J. H. Coon, E. R. 
| Graves, T. Jorgen- 
sen, B. Waldman 
Phys. Rev. 70, 602 
(1946) 
BeAlo.os co; E. P. Demers. See BeO 
4.6+0.3 C 
4.8+0.3 4.8 
Be? ly 0.48 labs. Pb] K. Siegbahn, Arki 
| 
0.453+0.005  _[l spect.] Mat. Astron. Fysil 
34B, No. 6 (1947 
Be® Cr E, P. Demers. See BeO 
6.2+0.4 C 
6.7+0.4 4.8 





a, for E,=0.004-0.2 ev.| Results in agreement with! E. Fermi, et ail. 
Microcrystalline sample | theory. See BeO 


o; for photo n’s R. Fields, B. Rus- 
sell, D. Sachs, A. 
Wattenberg, Phys. 
Rev. 71, 508 (1947) 


lox and o(n,He®) for £,= | Both curves show resonances at! K. W. Allen, W. E. 

~U.5-4 2.6. o,/a(n, He®) = 50 at 2.6.| Burcham, D. H. 
| Wilkinson, Nature 
| 159, 473 (1947) 


; o,=0.65+0.03; E,=14 Nuclear radius=3.22X10~"| E. Amaldi, D. Boc- 
em. See also Phys. Rev. 71, | ciarelli, B. N. Cacci- 
739 (1947). Used Li d source | apuoti, G. C. Tra- 
with E,(max) = 14.5; detected | bacchi, Nuovo ci- 
n’s through Cu™(n, 2n)Cu™!| mento 3, 15 and 203 
which has threshold at ~11. (1946) 

E, = 14. 
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Atom or 
Molecule 


Be’ 


Be®(p, y) 


Be’ p 


Be’® 


4—Beryllium (Be) 





Information 


Remarks 





a=+0.89 


Residual o, =0.47 for 
An >4.4 A.U. 


ooS8.5 mb; E,=0.025 


o,=10 mb 


Levels. See Li’ d 


fo r 


y energy 

| 1.060 .003 “ae 

— = ae 

0.972 .095 7.5+0.1 

Angular distribution of pro- 
tons studied for 


E, =0.840-1.110 


T;=10*-10’ y 
8 0.65 [abs. Al] 
No y 


T,=2.9X10° y 

8- 0.58+0.03  [abs.] 
p 0.560 + 0.050 

Noy 

| Produced by Be(d, p) 


[abs.] 


| Mass 
signment of 
| activity to Be” 


spectrographic  as- 
long-lived 


| T; =2.540.5X108 y 
|8- 0.56+0.01 |abs.] 
| 


From mirror experiments. 
o,=6.1; 42a*A*/(A+1)?=8.0 





Sign of scattering length inde- 
| pendent of spin of incident n. 
| Magnitude may differ by factor 
of 2 according to spin orienta- 


From change in pile reactivity. 
Be believed to be very pure but 
analysis not available. 


Neutron energy not specified. 


From reactivity change of 


Argonne pile. 





Evidence for resonance scat- 
tered protons. 


From Be(n, y) and Be(d, p) 
vields. 


From Be(n, y) yield in Hanford 
irradiated material. 


Careful chemical separation. 











From specific activity and 
mass spectrographic measure- 
ment of Be’ produced. 


Reference 





E. Fermi, L. Mar- 
shall, Phys. Rev. 71, 
666 (1947) 


E. Fermi, L. Mar- 
shall, Phys. Rev. 72, 
408 (1947) 


H. L. Anderson, E. 
Fermi, A. Watten- 
berg, G. L. Weil, W. 
H. Zinn, Phys. Rev. 
72, 16 (1947) 


D. J. Hughes, C. 
Eggler, C. M. Hud- 
dleston, Phys. Rev. 
71, 269 (1947) 


C. C. Lauritsen, T. 
Lauritsen, W. A. 
Fowler, Phys. Rev. 
72, 739 (1947) 


S. Rubin, Phys. Rev. 
72, 739 (1947) 


J. Levinger, E. 
Meiners, Phys. Rev. 
71, 586 (1947) 


D. J. Hughes, et al. 
See Be’ 


E. M. MeMillan, 8. 
Ruben, Phys. Rev. 
70, 123 (1946) 


A. K. Pierce, F. W. 
Brown III, Phys. 
Rev. 70, 779 (1946) 


E. M. MeMillan, 
Phys. Rev. 7%, 591 
(1947) 
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5—BORON (B) 


























Atom or Information Remarks Reference 
Molecule 
Relative abundance in % Ions from electron bombard-|M. G. Inghram, 
BY 18.83 +0.2 | ment. Phys. Rev. 70, 653 
BU 81.17+0.2 (1946) 
B o,=(118+4)/E! J. Rainwater, W. W 
for E, =0.015-250 ev Havens, Jr., Phys 
Rev. 70, 136 (1946 
a; for photo n’s R. Fields, B. Rus- 
sell, D. Sachs, A 
Wattenberg, Phys. 
Rev. 71, 508 (1947 
or E, See Li for methods of assigning | T. A. Goloborodko 
47 n 0.4 0.1 E=. iJ. Phys. U.S.S.R 
4.2+0.5 0.2 11, 44 (1947) 
6.5 +0.5 0.3 
2.9+0.3 0.4 
1.16+0.13 14 Nuclear radius = 4.30X10~"| E. Amaldi, e ail. 
jem. See also Phys. Rev. 71,739 | Nuovo cimento 3, 
| (1947). See Be® for method. 15 and 203 (1946 
o, for angles >30° for ida type experiment. | H. H. Barschall, M 
E,=0.2-3 Normal and enriched samples|E. Battat, W. (¢ 
used. Correction for B” ab-| Bright, Phys. Re 
sorption using data of Hanson | 70, 458 (1946) 
(priv. comm.) 
0g=703; v,=2200 m/s Averaged from results of two|E. Fermi, J. Mar- 
velocity selector measurements | shall, L. Marshall, 
|at 2200 m/s and one In foil| Phys. Rev. 72, 193 
| measurement at 1.44 ev. (1947) 
| ggv = 1.61 +0.02 |From weighted average of R. B. Sutton, R. D. 
barn-meter/us | points. From HF; sample|McDaniel, E.  E. 
=1.58 barn-meter/us | whose B content was best Anderson, L. 8. Lav- 
known. jatelli, Phys. Rev. 
71, 272 (1947) 
¢a(B) /oa(H) = 2270+30 See H. 
| 
| 
o4(Li)/a4(B) =0.0948 See Li. 
+0.0013 | 
BY o, for angles >30° for H. H. Barschall, e 
E,=0.2-3 al. See B. 
Levels. See Be®(p, -y) and | 
Li’ d } 
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5—Boron (B) 
6—CARBON (C) 





Atom or 


Molecule 


B'°(n, a) Li’? 


B" 


Information 


Remarks 





| Reference 





| E. =2.40 (~93%) [cl. ch.] | Indicates excited state of Li’| J. K. Bgggild, Kgl. 


|o¢, for angles >30° 
for E, =0.2-3 


4 
2.82 (~ 7%) [cl. ch.] at 0.42 Mev. 


Danske Videnskab. 
| Selskab, Mat-fys. 
| Medd. 23, No. 4 
| (1945) 


| H. H. Barschall, et 
al. See B. 





6—CARBON (C) 





| Diffusion length 


=5 
for density of 1.5 


o, for photo n’s 


o, for E, =0.035—-0.490 


| 


o; for E, =0.35-6.0 


o; for E,=6-21 


5.9+0.2 Cc 
6.3+0.2 








1.99 4.1 Mev 
1.40 12.5 
1.23 13.5 
1.23+0.02 14 Mev 

| a( backscattering) Bias 
0.79 + 0.06 1.4 
0.49 + 0.03 1.7 


Incident E,=3.1 


Ct E, 


4.8 ev 


1+3cm} 
5 





Au resonance. 


See H for method. 


Nuclear 


em. See also Phys. Rev. 71, 739) cimento 3, 


(1947). 


Effective average 
angle @=~137°. 


radius = 4.43 X 10-" 
See Be® for method. 


scattering 
Value given 


is 4x0(6). Recoil particles with 
energy above bias value count- 
ed. No correction for multiple 
scattering nor for energy loss 
in elastic collisions. 


H. G. Hereward, G, 
C. Laurence, H. R. 
Paneth, B. W. Sar- 
gent, Can. J. Re- 
| search A265, 15 (1947) 
| 


iR. Fields, et al., 
Phys. Rev. 71, 508 
(1947) 


| 
| D. H. Frisch, Phys 
| Rev. 70, 589 (1946) 


C. L. Bailey, et al., 
Phys. Rev. 70, 583 
(1946) 
IW. Sleator,Jr., 
Phys. Rev. 72, 207 
(1947) 


P. Demers, Can. J. 

Research A@4, 117 
(1946) 

'M. Ageno, et al., 

| Phys. Rev. 71, 20 

| (1947) 


| Amaldi, et al., Nuovo 
15 and 
203 (1946) 


J. H. Manley, et al., 
Phys. Rev. 70, 602 
(1946) 
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6—Carbon (C) 








Atom or 
Molecule 


Cid, n) 


CO: 


C™ 20.5 m 


Cid, n) N® 


C®(d, dn) C4 


C® (a, an) CU 


C®(p, pn) CY 


cu 


Information 


o(backscattering). 


Oo: E,(ev) 
19.5 0109 
19.0 00677 
21.5 .00471 
20.8 .00367 
41.5 .00314 


Produced by C® (y, 
Probably produced 
N'4(y7, p2n) and 


Q=—0.27+0.02 


Excitation function 
Eg=0-195 


Excitation function 


E,=0-390 


Excitation function 


E,=0-88 


pin=% 





90° to beam given 
Ea 15 
o, = 24.5; 


No. of n's of different en- 
ergies emitted at O° and 
for 


E,~0.003 ev, \=5.1 A.U. | 


See Sif 
A(A.U.) 
0.881 
1.099 
1.316 
1.492 


5.1 


No true §-y coincidences 


n) 


by 


O'(y, 2p3n); E,y<100 


for 


for 


for 


M = 13.007581 + 0.000025 


Remarks 


Reference 





More high energy n's in for- 
| ward direction. 





with value of 24.8 
calculated assuming same phase 
scattering. 


| Agrees 
| 


| CIs at room temperature. 


Coincidences observed ~ equal 
to accidental number expected. 
See N®. 





Monochromatic n's of energy | W. E. 


| 1.65 produced for Eyg=2. 


| 
| 
| 
} 


| No tendency for yield to fall 


R. B. Roberts, P. H 
| Abelson, Phys. R: 
72, 76 (1947) 





|E. Fermi, L. Mar- 
|shall, Phys. Rev. 71, 


| 666 (1947) 





E. Fermi, L. Mar- 
shall, Phys. Rev. 71, 
666 (1947) 
| 


K. Siegbahn, S. E 
Peterson, Arkiv Mat 
Astron. Fysik 32B, 
No. 5 (1946) 


G. C. Baldwin, G. 
S. Klaiber, Phys. 
Rev. 70, 259 (1946) 





Bennett, H. 


iT. Richards, Phys. 
| 


Rev. 71, 565 (1947) 


R. L. Thornton, R. 


| 
| off at high energies because of | W. Senseman, Phys. 


| competing reactions. 


| Rev. 7%, 872 (1947) 


| No tendency for yield to fall| R. L. Thornton, R. 
| off at high energies because of | W. Senseman, Phys. 


| competing reactions. 


| 
| 
| 
| 
| 
| 


| . . 
competing reactions. 


| 
Measured with newly con- 
structed double focusing Mat- 
tauch-Herzog mass spectrom- 
eter. 


| From intensities of C, bands. 
| 





No tendency for yield to fall | W. 
| off at high energies because of | M. MeMillan, Phys. 


| Heev. 72, 872 (1947) 


W. Chupp, E. 
Rev. 72, 873 (1947) 


H. Ewald, Z. Natur- 
forsch. 1, 131 (1946) 


F. A. Jenkins, Phys. 
Rev. 72, 169 (1947) 
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6—Carbon (C) 
7—NITROGEN (N) 





3 4 Infor tome 
Molecule 
( Spin probably % 

‘ T;,=4,700 y+ (5-10%) 


T;4=5,300 yt15% 


T; =5,100+ 150 y 


8 0.154 [mr spect.] 


8 0.15+0.02 


Remarks Reference 
Very low quadrupole coupling | C. H. Townes, A. N. 
observed in microwave spectra! Holden, F. R. Mer- 
| of OCS and CICN. ritt, Phys. Rev. 72, 
1/513 and 740 (1947) 


| Amt. of C™ determined mass | A. F. Reid, J. R. 
spectrographically. Dunning, 8. Wein- 
house, A. V. Grosse, 
Phys. Rev. 70, 431 
| (1946) 
| 
Amt. of C™ determined mass! L. D. Norris, M. G. 
spectrographically. Inghram, Phys. Rev. 
70, 772 (1946) 


Results from 20 separate counts| L. DD Norris, M. 





on 2 samples assayed mass|G. Inghram, priv. 
| ° j , — 
| spectrographically. comm., Nov., 1947 
| Error not determined. P. W. Levy, Phys. 
| Rer. 72, 248 (1947) 


Preliminary values from per-| W. E. Stephens, M. 
manent magnet spect. N. Lewis, Phys. Rev. 
| 72, 526 (1947) 





7—NITROGEN (N) 








N a(n, p) =1.3; E,=th 


o(n,’p) and o(n, a) for 
E,, =0.2-1.7 


N 7 | Proton scattering studied 
as function of angle for 
E,=4.2 

Nia, p) Angular distribution of p’s 


found ~ uniform between 
30° and 120° for E,<3 

Preponderance of p’s at 90° 
for E,~3.5 


No | op = 47.4; E,,~0.003 
A=5.1 A.U. 


| 
| 
| 


From-comparison of disintegra- | P. Ciier, J. de phys. 

| tions produced in photographic | et rad. 8, 83 (1947) 
plates containing N and Li, | 

using o(Li) =70. 


H. H. Barschall, M. 
|E. Battat, Phys. 
| Rev. 70, 245 (1946) 


No evidence of inelastic seat- | H. Heitler, et al., 
tering. Results accounted for| Proc. Roy. Soc. 
by Coulomb interaction with S | A190, 180 (1947) 


wave only. 


Reaction occurs definitely with | F. C. Champion, R. 
E,<1.7 and probably <1. R. Roy, Nature 159, 
| 127 (1947) 





Agrees with calculated value| E. Fermi, L. Mar- 
of 44.4. shall, Phys. Rev. 71, 
666 (1947) 
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7—Nitrogen (N) 











Atom or 


Molecule 


N,0 


N'(a, p) OW 


N'4(n, p) C!# 


N**4(d, p) N¥% 


Information 
o,=57.8; E,~0.003 ev, 
A=5.1 A.U. 


7T,=10.13+0.10 m 

B* 1.24+0.02 [i spect.] 
y 0.515+0.010 [/spect.] 
No ¥ of 0.28 


No y with energy between 
0.135 and 0.700 Mev 





| No true j-y 
| Bt to ground state of C' 


|} and to number found for C"™. 


| 
Possibly produced by 


| N4(y,n); £,<100 | 
| 


| 


Hyperfine structure of —§ 
crowave spectrum of NH; |} 
can be accounted for by 
assumption of quadrupole 
moment in N™. No struc- 
ture for N® 








Hyperfine structure of NH; | 
observed | 


| q probably between 0.1 and From estimation of 0?V/dz’. 


lated 


scattering 





| sumably 
| radiation. 


| Fermi plot. 


Remarks 


Only ¥ 
due to 


coincidences | Coincidences observed ~ equal 


| to accidental number expected 


Reference 


| . ee lo ~. P 
Agrees with value of 55 caleu-| E. Fermi, L. Mar- 
assuming same 


phase | shall, Phys. Rev. 71, 
| 666 (1947) 


found pre-| K. Siegbahn, No- 


annihilation | ture 156, 568 (194 

0.28 Mev vy 
viously reported by Richardson, 

Phys. Rev. 55, 609 (1939). 


K. Siegbahn, H 
Slitis, Arkiv Mat 
Astron. Fysik 32A 
No. 9 (1945-46) 


pre- 


L. M. Langer, C. 8 

Cook, M. B. Samp- 
son, Phys. Rev. 71, 
906 (1947) 


K. Siegbahn, S. E 
Peterson, Arkiv Mat 
Astron. Fysik 32B, 
No. 5 (1946) 


G. C. Baldwin, G. 
S. Klaiber, Phys. 
Rev. 70, 259 (1946 


B. P. Dailey, R. K. 
Kyhl, M. W. P. 
Strandberg, J. H. 
Van Vleck, E. B. 
Wilson, Jr., Phys. 
Rev. 10, 984 (1946) 


W. Gordy, M. Kes- 
| sler, Phys. Rev. 71, 
640 (1947) 





C. H. Townes, Phys. 


| 0.01 | Rev 71, 909 and 644 
| (1947) 
| ase 
Q=-—1.31, —2.12 | Excited state at 0.81 in O", q. v. E. Pollard, P. W. 


Q=0.6+0.03 


Q=8.65 and 3.26 





| Gaseous target used. 


Davison, Phys. Rev. 
72, 736 (1947) 


| From length of tracks of C and | P. Ciier, J. de phys. 
p in photographic emulsion. 


et rad. 8, 83 (1947) 
P. W. Davison, E. 
|C. Pollard, Phys. 


Rev. 72, 162 (1947) 
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7—Nitrogen (N) 
8—OXYGEN (O) 








Atom or | Information | Remarks Reference 
Molecule | 
me N4(d, 4a) Observed in sieteteable | Energy and momentum found | P. H. Fowler, H. B. 
emulsion; Ey=9 | to be conserved on assumption | Burrows, W. J. J. 
lthat disintegration particles | Curry, Nature 159, 
are a's. | 570 (1947) 
} } 
| N4 M = 15.004934 + 0.000030 Measured with newly con-| H. Ewald, Z. Natur- 
LA | structed double focusing | forsch. 1, 131 (1946) 
| Mattauch-Herzog mass spec- 
trometer 
Nie Tj 7.35 +0.05 s |Some evidence for additional | E. Bleuler, P. Scher- 
rt B 3.8 (~40°%) | abs. By B~ of 5.0 in coincidence absorp- | rer, M. Walter, W. 
4.3 (~40°%) | coincid. | tion. Intensities would change | Ziinti, Helv. Phys. 
4.6(~ 2%) [el. ch.] |if this is established. Present | Acta 20, 96 (1947) 
| 10.5 (~18%) [abs. Al] | best estimate for disintegration | and 19, 421 (1946) 
¥ 6.2 jel. ch. energy = 10.3 + 0.7. 
B 6.7 | pairs 





8—OXYGEN (O) 


oO o, for £,=0.35-6 Caleulated from measured’ R. G. Nuckolls, et 
values of o:(H,O) and o;(H). al., Phys. Rev. 70, 
805 (1946) 





) o, for photo n’s R. Fields, et ail., 
| Phys. Rev. 71, 508 
, (1947) 
Op Proton scattering studied as | No evidence for inelastic scat-| H. Heitler, et al., 
function of angle for| tering. Results accounted for| Proc. Roy. Soc. 
. E,=4.2 by Coulomb interaction with | A190, 180 (1947) 


: S wave only. 
| 
| 








Or o:= 16.2; E,, ~0.003 ev, | Calculated value is 13.2. E. Fermi, L. Mar- 
A=5.1 A.U. | shall, Phys. Rev. 71, 
| 666 (1947) 
OoC a. See CO: 
OoN a; See NO» 
ou | Produced by |G. C. Baldwin, G. 
O'(y, n); E,3100 S. Klaiber, Phys. 
| Rev. 70, 259 (1946) 
O(a, p) O" | @=1.75, 0.89 P. W. Davison, E. 
4 | C. Pollard, Phys. 
Rev. 72, 162 and 736 
| (1947) 
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8—Oxygen (O) 
9—FLUORINE (F) 





| 


| | 
p—womed Information | Remarks Reference 
Molecule | | 





ov Excited state at 0.86 Agrees within experimental |P. W. Davison, 
error with value found from|C. Pollard, P) 
| N'*(q, p). Rev. 72, 162 and 736 
(1947) 
| 
a(n, w) =0.46+0.11; E,=th| Based on a(n, p) for N“=1.7. | A. N. May, | 
P. Hincks, Can. 
Research A225, 77 
(1947). Also E, P. 
Hincks, Phys. Ré 
70, 770 (1946) 


Oo Cac=2.2X10™ J. Marshall's result corrected| L. Seren, W. | 
| for counter efficiency assuming | Moyer, W. Sturm 

E3=3.3. Phys. Rev. 70, 561 
| (1946) 

o» 83.3 [abs. Alj 
| ¥ 


L. Seren, W. 1 
| Moyer, W. Sturm 
| Phys. Rev. 70, 561 
| (1946) 





| 
| 
| 
ov T1=27.0+0.5 8 Following decay scheme con-| E. Bleuler, W. Ziin- 
Al abs. curve shows §’s| sistent with results: ti, Helv. Phys. Acta 


0? 30% 70% 20, 195 (1947) and 
19, 421 (1946) 


complex 

















9—FLUORINE (F) 





F,C gr See CF, 
F" 1.1m Produced by G. C. Baldwin. G. 8. 
Fy, 2n); E,<100 | Klaiber, Phys. Rev. 
| 70, 259 (1946) 
F’ 112m Produced by G. C. Baldwin, G. 8S. 
F9(y, n); E,3100 Klaiber, Phys. Rev. 
Possibly produced by 70, 259 (1946) 


Na*™(y, 2p3n) or 
Na™(y,an); 2£,3100 


Fs o; for photo n's R. Fields, et al., 
| Phys. Rev. 71, 508 
| (1947) 
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9—Fluorine (F) 
10—NEON (Ne) 
11—SODIUM (Na) 





Atom or 


. Information 
Molecule - 


| Remarks 


Fp, a) O"8 | Angular distribution of the | Asvmmetric distributions found | 8. Rubin, Phys. Rev. 
with stronger yields backwards 


5.9 em a's measured for 
E,=1.14, 1.20, 1.33 


Resonances and widths for 
production of y'sand pairs 
found for Ep, = ~0.8-1.38. 
Experimental half-widths 
vary from <1.9 to 85 kev 


Oe More than 10% of y's above 


Be(y, n) threshold 


| than forwards. 


Reference 


71, 275 (1947) 
| 


| 
| 


W. E. Bennett, T. 
W. Bonner, C. E. 
Mandeville, B. E. 
Watt, Phus. Rev. 


| 70, 882 (1946) 


A. Wattenberg, 
| Phys. Rev. 71, 497 
| 

(1947) 





10—NEON (Ne) 





Relative abundances in % 


Ne | 90.51+0.15 
Ne! | 0.28+0.02 
No® | 9,21+0.18 
Ne p | Elastic and inelastic scat- 


Evidence for excited state in 


| V. H. 
|L. Mohler, R. M. 
| Reese, Bur. Stand. 
ly. Research 38, 617 
| (1947) 


Dibeler, F. 


H. Heitler, et al 


tering studied as fune-| Ne* at 1.5 Mev and for excited| Proc. Roy. Soc. 


| tion of angle for Ep=4.2 
| 








stutes in other Ne isotopes. 

. 
From data on reaction 
F"(p, ya) O", g.v. 


From proton ranges. Used 


enriched samples. 


| A190, 180 (1947) 


iL. I. Schiff, Phys. 
Rev. 70, 891 (1946) 


F. K. Elder, Jr., H. 
T. Mon, F. W. 
Davison, Phys. Rev. 
| 71, 917 (1947) 


F. K. Elder, Jr., H. 
|T. Motz, P. W. 
Davison, Phys. Rev. 
| 71, 917 (1947) 





11—SODIUM (Na) 





Ne”? | Discussion of excited states 
| | 
Ne™(d,p) Ne! Q Levels in Ne | 
0.90 + 0.11 3.58 
1.65 +0.10 2.83 
2.73 + 0.09 1.75 
4.17+0.09 0.31 
4.48 +0.10 0.00 
Ne*(d,p) Ne*) Q Levels in Ne® | 
| 1.23+0.15 1.66 
1.90+ 0.15 0.99 
|} 2.89+0.11 0.00 
Na” 3 y | K captures per B* < 0.05 


See also Mg™(d, a) Na” 


Na’ | Interaction energy of quad- 
rupole moment with electric 
fields of NaBr, NaCl, and 

| Nal measured by molecular 
beam magnetic resonance 


From search for Ne K X-rays. 





W. Bothe, Zeits. /. 
Physik 123, 1 (1944) 
| W. A. Nierenberg, 

N. F. Ramsey, S. B. 

Brody, Phys. Rev. 

70, 773 (1946) 
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11—Sodium (Na) 
Atom or Information Remarks Ref 
Molecule ae 
Na® a; for photo n’s R. Fields, e a 


Na*(a, y) 


Na*(d, p) Na™ 


Na™ 14.8 h 


Na” 14.8 h 





la = 0.56 
| 
S cad E/E =0.265 
=0.051 
Ey=1710 ev 


Thick target 
rd/yah for Eg=14 


Decay scheme 


Excitation function given 


yield =410 

















No2* 5.53 
B39 
72.76 
71.38 
Mg?*— 0.0 
y 2.74+0.05 


Pb absorption coefficient 
for large thicknesses for 
y-y coincidences is that 
for 3 Mev vy, indicating 
that the 2.76 and 1.38 
Mev 7’s are in cascade 





From crystal interference ex- 
periments. o,~3.5. 
4ra*A?/(A+1)?=3.7 


Due to resonance and 1/2. 
Due to resonance only. 
Boron absorption method. 


y's which start with E,=3.5 
may come from excited state 
of Mg” from Na*™(qa, p). 


B spectrum of allowed form. 
y's believed to be in cascade. 
Order could be reversed. [This 
disintegration scheme is sup- 
ported by German coincidence 
measurements, H. Maier-Leib- 
nitz, Zeits. f. Physik 122, 233 
(1944), as well as by early 
American work, L. G. Elliott, 
M. Deutsch, A. Roberts, Phys. 
Rev. 63, 386 (1943). Sachs, 
Phys. Rev. 70, 572 (1946) sug- 
gests that decay can proceed 
either with emission of one 2.76 
Mev 7 or two 1.38 Mev y’s.]t 


Calculated from average photo 
n energy of 0.83 and 0.22 from 
Na-Be and Na-D sources 
respectively. 


t Compilers’ comment 








Phys. Rev. 71, 508 
(1947) 


E. Fermi, L. Mar- 
shall, Phys. Rev. 71, 
666 (1947) 


H. V. Lichtenberg- 
er, S. M. Dancoff, 
R. G. Nobles, H. 
Kubitschek, G. D, 
Monk, Phys. Rev. 
72, 164 (1947) 


M. Kovacs, Phys. 
Rev. 70, 895 (1946) 


E. T. Clarke, J. W. 
Irvine, Jr., Phys. 
Rev. 70, 893 (1946) 


K. Siegbahn, Phys. 
Rev. 70, 127 (1946) 


A. Wattenberg, 
Phys. Rev. 71, 497 
(1947) 


C. 8. Cook, E. Jur- 
ney, L. M. Langer, 
Phys. Rev. 70, 985 
(1946) 
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11—Sodium (Na) 





Atom or 


Informati 
Molecule njormativon 


Renzarlss 


Reference 





| 
| 
| gration =4.17 





bm | 
B-y and y-y coincidence | 
measurements indicate | 
that the 2.76 and 1.38 


y's are in cascade 


| Caleulated disintegration 
energy =5 in fair agree- 
ment with Siegbahn’s 
value of 5.53 


asymmetry in 
relative angular distribu- 
tion of two y rays not 
found 


Expected 


Produced by 
Mg” (y, p), Ey<100 
Al” (y, 2pn), Ey<100 
Si (y, 3pn), E,<100 


Produced by 


| Al” (d, pa); Eq=14 


See also Mg” (d, a) Na*™ 











scheme on page 104. 


Agreement found between ob- 
served o(E£) and values calcu- 
lated on assumption that re- 
action indicated takes place. 

















Na* 14.8 h | Total y energy per disinte-| In good agreement with decay | E. C. Barker, Phys. 


Rev. 71, 453 (1947) 
and Phys. Rev. 72, 
167 (1947) 


M. L. Wiedenbeck, 
Phys. Rev. 78, 429 
(1947) 


W.H. Barkas, Phys. 
Rev. 72, 346 (1947) 


W. M. Good, Phys. 
Rev. 70, 978 (1946) 


G. C. Baldwin, G. 
S. Klaiber, Phys. 
Rev. 70, 259 (1946) 


E. T. Clarke, Phys. 
Rev. 71, 189 (1947) 








Na® 7; =58.2+1.35s8 Following decay scheme con-| E. Bleuler, W. Ziin- 
B- 3.4 [abs. Al] sistent with results: ti, Helv. Phys. Acta 
| Evidence for y>0.5 of no®® 55% 45% 19, 421 (1946) and 
small intensity 20, 195 (1947) 
83.7 82.7 
-Y- 
SY [i.o] 
ow” 
71=60.0+1.28 Al absorption curve of Na™| W. Riezler, Physik. 
8- of same energy as 8 | found to be same as that of | Zeits. 45, 191 (1944) 
of Al* Al®, 
See, also, Mg** “ “ “ 
Produced by G. C. Baldwin, G. 8. 
Al” (y, 2p); Ey<100 Klaiber, Phys. Rev. 
1 Me* (y, p); “. 70, 259 (1946) 
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12—MAGNESIUM (Mg) 





Atom or 
Mole cule 


Information 


Remarks Reference 





Mg 


Ma(d, p) 


a=0.56 


o; for photo n's 





or E, 
6.5+0.5 
3.9+04 
8.3+0.6 


Q=4.49+0.05, 
5.05 + 0.05, 
4.08 + 0.05 





loe=7.1+1; E,=C 


| Produced by 


Me™(y,n) Mg” 


Mg™(d,a) Na” 


| 
| 


Meg™(n,p) Na™ 
Mg*(n,p) Na® 


Mg" (y, n); E,3S100 


Threshold = 16.4+0.3 


Excitation function and 
approx. g given 


o([Mg™(n, p) Na™} 1 


o([Mg™(n, p)Na*®] 0.66 


Be d n's; Ea=7 





From crystal interference ex-| E. Fermi, L. Mar. 
periments. o,~4. | shall, Phys. Rev. 71, 
4nra*A?/(A+1)*=3.7 | 666 (1947) 

|R. Fields, et 

| Phys. Rev. 71, 508 
| (1947) 

| T. A. Goloborodko 
iJ. Phys. U.S.S.R. 
| 11, 44 (1947) 


| See Li for neutron sources. 
| 


Nuclear radius = 5.40 K 10-"| E. Amaldi, et al 
em. See also Phys. Rev. 71,| Nuovo cimento 3, 15 
759 (1947). See Be’. | and 203 (1946) 

| 
E~a=0.900. Protons observed| H. R. Allan, C. A. 
at right angles. Values attri- Clavier, Nature 158, 
buted to Mg™*, Mg™, and Mg”® | 832 (1946) 
respectively. Value for Mg” | 
does not give mass in agree- | 
| ment with present mass values. | 


Research A24, 117 
(1946) 


2 cm paraffin. Dy detector. 


| 
| Ra-y-Be source surrounded by P. Demers, Can. J. 
' 
| 
| 


| G. C. Baldwin, G. 8. 
| Klaiber, Phys. Rev. 
70, 259 (1946) 
Calculated threshold = 15.5. R. A. Becker, et al., 
| Phys. Rev. 71, 466 
| (1947) 
| 
Very similar to Mg**(d, a)Na™| W. Bothe, Zeits. /. 
curve. Activity measured from | Physik 123, 1 (1944) 
succeeding layers of Mg for| 
Eq =7. 


|W. Riezler, Physik. 
Zeits. 45, 191 (1944) 
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SORE 


12—Magnesium (Mg) 
13—ALUMINUM (Al) 





| 
| 
Atom o | 





Wolecul Information Remarks 

olecuie 

Me™(a@, p) AI®| No @ resonance found for | Resonances found by Klarmann 
E.<5.3 [Zeits. f. Physik 87, 411 (1933) ] 

Yield curve consistent | attributed to Mg™(a, p) Al”. 

with nuclear radius of | 
4.4X10-" em for Mg™ 

Mg See also Na (a, Y) 

Me(d,a) Na™| Thick target yield = 8.30 
rd/uah; Eg=14 

Me“(d,a)Na™| Excitation function and | See Mg*(d, a)Na™. 


approx. 0 given 


Me(d,p) Me” a(d,p) > a(d,a). 

Complex 8 spectrum indi- | Following decay scheme is 
cated by Al abs. | consistent with 

Coincidence measurements | with y's observed 


Mg” 10.2 m 
and 
Itoh,* 


results 
by 














indicate all #’s go to| Bandy of Eklund and Hole? 
excited states Mg?” 
81.32 a-.7et 

70.64" 

| 

* 71.02t 

} 7 0.84 we 

| j ai®? 

| 


Production from Al y with! Assuming o[Cu®™(y, n)] 0.1. 
E,3100 attributed to 
secondary (n, p) reaction 

o[Al*(y, meson) ]<10 mb; 
E,<100 


See also Mg™(d, p) Me” | 


Reference 





A. Szalay, Natur- 
wiss. 323, 72 (1944) 


E. T. Clarke, J. W 
Jr., Phys. 
70, 893 (1946) 


Irvine, 


Re v 


W. Bothe, Zeits. f. 
Physil: 123, 1 (1944) 


E. Bleuler, W. Ziin- 
ti, Helv. Phys. Acta 
20, 195 (1947) 


*Proc. Phys. Math. 
Soc., Japan 22, 531 
(1940) 


tArkiv Mat. Astron. 
Fystik 29A, No. 26 
(1943) 


N. A. Bonner, G 
Friedlander, L. P. 
Pepkowitz, M. L 
Perlmar., Phys. Rev 
71, 511 (1947) 





13—ALUMINUM (Al) 

















AloOs o,(backscattering) Bias See C. J. H. Manley, et al., 
2.5+0.1 1.4 | Phys. Rev. 70, 602 

2.0+0.1 1.7 | (1946) 
41° Produced by G. C. Baldwin, G. S. 
AP"(y,n); E,3100 Klaiber, Phys. Rev 

70, 259 (1946) 

Al” oe E, P. Demers, Can. J. 
1.35+0.2 Cc Research A24, 117 

| 1.4 +0.2 1.44 ev In resonance. | (1946) 
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13—Aluminum (Al) 





Atom or 


























Molecule Information Remarks Reference 
Aj?? o; for E,=0.010—1.00 Li pn’s. Presence of at least | L. W. Seagondollar, 
10 resonances shown in this|H. H. Barschall, 
range. Phys. Rev. 72, 439 
(1947) 
o, for photo n’s R. Fields, e al 
Phys. Rev. 71, 508 
(1947) 
o; measured for E,~0.5-4.0| Resonances found at 2.4 and} K. W. Allen, et ai., 
2.9 each with width ~ 0.2.| Nature 159, 473 
See also Be’. (1947) 
o:=1.92+0.08; E,=14 Nuclear radius = 5.54 X 10-"| E. Amaldi, et al., 
cm. See also Phys. Rev. 71, | Nuovo cimento 3, 15 
739 (1947). See Be®. and 203 (1946) 
Gatoin =0.99+0.04; “ - 
E,=14 
Scattering length a has| Data on n reflection from} E. Fermi, L. Mar- 
same sign as for O Al,O; not consistent with value | shall, Phys. Rev. 71, 
of a calculated from o,= 1.4. 915 (1947) 
Residual o,=0.21 for Sign of a independent of spin| E. Fermi, L. Mar- 
An > 6.7 A.U. of incident n. Magnitude may | shall, Phys. Rev. 72, 
differ by factor of 3 according | 408 (1947) 
to spin orientation. 
o;(backscattering) Bias | See C. J. H. Manley, et al. 
0.66 + 0.04 1.4 See AlOs 
0.53 + 0.05 1.7 
Incident 2, =3.1 
o,4=0.18+0.04; E,=th|Comparison of Dy activity | P. Demers, Can. J. 
due to Ra-y-Be source in pure} Research A24, 117 
water with that in water con-| (1946) 
taining Al(OH)3. Based on 
o(HO;) =0.28. 
JS cadE/E=0.143 Due to resonance and 1/2 abs. | H. V. Lichtenberger, 
= 0.020 Due to resonance only. et al., Phys. Rev. 72, 
E,=9100 ev Boron absorption method. 164 (1947) 
No excitation with 0.390 S. Eklund, Arkiv 
Mev X-rays Mat. Astron. Fysik 
33A, No. 14 (1946) 
Al” (y, n) Al* | Threshold = 14.4+0.3 Calculated threshold = 11.1. R. A. Becker, et al., 
Phys. Rev. 71, 466 
(1947) 
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Al” 


Al* 














13—Aluminum (Al) 








{fom or ° 
— "| Information 
Molecule | 
\ y)Si® | y resonances found with 
resolving power of 4 kev 
I 
for E,=0.5-1.4 
| T,<1 kev (estimated) 
Cr y~l1 ev a 
l,,/2=300+50 ev; 
E,=985 kev 
Al" (d, n Number of n’s of various 
energies found at 0° and | 
| 
90° to beam given; | 
Ea=15 
Al? (d, p) Al? | Q, =3.34 +0.05 


Q_2=4.49 + 0.05 


| 03 =5.49+ 0.06 
Al"(d,nav)Na™| Thick target yield =1.66 
rd/uah; Eqg=14. 
| Excitation function given 


Threshold = 10 





\]% 2.4 m More than 10% of y's} 


above Be (y, n) threshold | 


Decay scheme 








p28 
62.75 + 0.10 
| obs. Al 
71.8 £0.10 
obs. sec.e~ 
si” 


Disintegration energy of 
4.55 Mev of Bleuler and 
Ziintiis~1.2 Mev greater 
than former experimental 
value and present calcu- 

| lated one 
| 


| Produced by 


| Si%(y, p); E,S100 





Remarks 





Finds 31 peaks, 16 of which | 


were found by G. P. Plain, et 
al., Phys. Rev. 57, 187 (1940). 


No correction for non-uniform- 


ity and straggling. Lower 


| limit less certain than upper. 


More high energy n’s found in 
forward direction. Yield of 
high energy n'’s much greater 
than for Cu and Au. 


Ez=0.900. Protons observed 
at right angles. All 
presumably attributable to Al. 


values 


Agreement found between ob- | 
served o(E) and values calcu- | 


lated that 
indicated reaction takes place. 


on assumption 


B-y coincidence measurements. 
Discussion of masses of AI, 
Si?7, and Si®. Disintegration 
energy of Al® greater than that 
calculated by Barkas pointed 
out. See below. 


| 
| 


Reference 

K. J. Brostrém, T. 
|Huus, R. Tangen, 
Phys. Rev. 71, 661 
(1947) 


| R. S. Bender, F. C. 
Shoemaker, J. L. 

Powell, Phys. Rev. 

we 905 (1947) 

| R. B. Roberts, P. H. 
Abelson, Phys. Rev. 

| 72, 76 (1947) 


| 


|H. R. Allan, C. A. 
Clavier, Nature 158, 
832 (1946) 


E. T. Clarke, J. W. 
Irvine, Jr., Phys. 
Rev. 70, 893 (1946). 
Also Phys. Rev. 71, 
| 187 (1947) 


| 
| 
| 


|A. Wattenberg, 
Phys. Rev. 71, 497 
(1947) 


E. Bleuler, W. Ziin- 
ti, Helv. Phys. Acta 
20, 195 (1947) 


W. H. Barkas, Phys. 
Rev. 72, 346 (1947) 


G. C. Baldwin, G.S 
Klaiber, Phys. Rev. 
70, 259 (1946) 
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13—Aluminum (A!) 
14—SILICON (Si) 








Atom or 


f : 
Medeuds | Information 


Al® 2.4m 





| See also Mg™(a, p)Al** 
Al® 6.7 m Produced by 
SiP(y, p); £3100 


Remarks Reference 





G. C. Baldwin, G. §, 
Klaiber, Phys. 
70, 259 (1946) 








14—SILICON (Si) 


| Relative abundance in % 


I II 








si* 92.27 92.28 +.08 
si” 4.68 4.67 +.05 
si® 3.05 3.05 + .03 
} 
| 
SiC o(hackscattering) Bias 
1.5+0.1 1.4 
1.1+0.1 1.7 
Incident 2, =3.1 
Si?” oe $0.58 
| 
| 
Mass. See Al® (Bleuler and 
| Ziinti) 
Si® Mass. See Al® (Bleuler and 


Ziinti) 


Levels. See Al**(p, y) Si® 
| 
} 
Si¥(y, n)Si? | Yield =2.6+0.5 relative to 
Cu® yield = 100 


E,=17.2 
| Threshold = 16.9+0.3 


a[Si*(y, p)]/a[Si(y, n)] 
E17 


Si*(y, n) 
Si™(y, p) = 2.2; 


Si®(d, ¢)Si* | Thick target yield =37 rd/ 


pah; 2Lag=14 





I. Search made for other|J. D. Williams, P 


isotopes. Si77 and Si** </| Yuster, Phys. k 
1/20,000 of Si®. Accuracy | 69, 556 (1946) 
=+1%. II. M. G. Inghram 


II. Ions formed by electron | Phys. Rev. 70, 653 
bombardment of Sik’,. (1946) 


See C. Manley, et al., Phys 
Rev. 70, GO2 (1946 


O. Huber, O. Lien- 
hard, H. Wiffler 
Helv. Phys. Acta 17, 
195 (1944) 


©. Huber, e al 
Helv. Phys. Acta 17, 
195 (1944) 


R. A. Becker, et ai. 
Phys. Rev. 71, 466 
(1947) 


Calculated value = 16.60. 


O. Hirzel, H. Wiif- 
fler, Helv. Phys. Acta 
19, 214 and 425 
(1946) 


E. T. Clarke, J. W. 
Irvine, Jr., Phys. 
Rev. 70, 893 (1946) 
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Pp” 


Pe 


P® 


p 





15—PHOSPHORUS (P) 





Atom or 
Molecule 


p? 


P 1 d, p) P® 


P* 125s 


Information 
| 
Produced by 


P3!(7, 2n); 


E,<100 


Produced by 
P*(y, n): 


E,<100 


a, for photo n’s 


Thick target yield =8.5 rd 
Ea 14 


pah;: 


with Al 
around 


~5 1074 et per fe 


or glass filter 
source 


Number 


source 


for bare 


experi- | 


found 
within 


mental error 


8B 1. 


<5 


73 
10 e* 
due to pair formation 


Al] 
disintegration 


[abs. 


Continuous bremsstrahlung 


observed 


Complex e~ from Pb radi- 
ator attributed to ejection 
of L M «¢ by K | 
X-rays. Found with both | 
P® and Rak } 

j 


and 


7T,=14.7d 
B 1.7 [abs. Al] 


Excited state. See 


CI®(n, a) P® 


T\=12.40+0.12s 

B 5.1+0.2 (75% 
3.2+0.2 (25%) 

¥y (1.9) 

Produced by Cl(n,q@) and 


Remarks 


Reference 








S(n, p) 


Cloud 


chamber 


tracks. 


idence for production of e* by 


| passage of 8 


From search for annihilation | 
radiation 
See also Phys. Rev. 70, 127 


(1946) 


through matter. 


Ev- 


G. C. Baldwin, G. 8. 
Klaiber, Phys. Rev 
70, 259 (1946) 


R Fields, et al. 
Phys. Rev. 71, 508 
(1947) 


E. T. Clarke, J. W. 
Irvine, Jr., Phys. 
Rev. 70, 893 (1946) 


_ es oe 
Chao, Phys. 
72, 639 (1947) 


a 
Rev. 


K. Siegbahn, H. 
Slatis, Arkiv Mat. 
Astron. Fysik 344A, 
No. 6 (1947) 


K. Siegbahn, H. 
Slatis, Arkiv Mat. 
Astron. Fysik 34A, 
| No. 6 (1947) 


| 

| R. T. Overman, Ab- 
Am. Chem. 
| Soc. Meeting 111, 
44P, paper 70 (1947) 


| stracts 


Used continuous irradiation of | E. Bleuler, W. Ziinti, 


liquid sample. 


Helv. Phys. Acta 19, 
| 137 (1946) 
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16—SULFUR (S) 












Atom or 


Molecule Information 


Remarks Reference 





o; for photo n’s 


7 7) 





1.58 + 0.09 14 


|a=0.28 


} (S®—S§%) /(S4#—S® 


S2(y, n) S* 


| B- 


y 27 +02 





| . ° 
lows 8 chemistrv 


ct E, 
1.1+0.2 0.1 
2.4+0.3 0.2 
1.0+0.2 0.3 
2.3+0.3 0.4 


) 


| Threshold = 15.0+0.3 


s® Spin probably 4% and 
probably zero 
Ss | lq| S0.001 X 10-" em? 
Ss Ti=87d 
8-=0.17  [abs. Al] 
Ss” T;=5.04+0.02 m 


| Ratio of mass differences | 


= 0.49985 + 0.0001 


q 


4.3 +0.3 (10%) [abs.] 
1.6 +0.1 (90%) [abs.] 


| Produced by Cl(n, p). Fol- 





See Li for n sources. 


R. Fields, e al., 
Phys. Rev. 71, 508 
(1947) 


T. A. Goloborodko 
J. Phys. U.S.S.R 
11, 44 (1947) 





Nuclear radius=5.02X10~| E. Amaldi, et al. 

em. See also Phys. Rev. 71,| Nuovo cimento 3, 

739 (1947). See Be’. |15 and 203 (1946 
| 

interference | E. Fermi, L. Mar- 

shall, Phys. Rev. 71, 

666 (1947) 


crystal 
experiments. o,~1.1. 
4ma*A?/(A+1)?=0.95 


From 


C. H. Townes, A. N. 
Holden, F. R. Mer- 
ritt. Phys. Rev. 72, 
513 (1947) 


Assuming quadrupole couplings 
for S*® and S*“ are zero. From 
microwave spectrum of OCS. 


| R. A. Becker, et al., 
Phys. Rev. 71, 466 
(1947) 


Calculated value = 16.7 


C. H. Townes, et al., 
Phys. Rev. 72, 513 
(1947) 


Very low quadrupole coupling 

observed in microwave spec- 

trum of OCS. 

Microwave spectrum of O%C". 
5%, Spin and g probably both 


C. H. Townes, et al., 
Phys. Rev. 72, 513 


zero. and 740 (1947) 


R. T. Overman, Ab- 

stracts Am. Chem. 

Soc. Meeting 111, 

44P, paper 70 (1947) 
Lack of activity from S*(n, +) | E. Bleuler, W. Ziunti, 
with isotopic abundance 0.016% | Helv. Phys. Acta 19, 
supports mass assignment. 8-y | 137 (1946) 


coincidences observed. 
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17—CHLORINE (Cl) 





























l 
— } 
: . aceite Information Remarks Reference 
: ad OLECUE 
ms BC) 33 m Bt 5.1 ~80% [el. ch.] Ho Zah-Wei, Phys 
al. 2.4 ~20% [el. ch.] Rev. 70, 782 (1946 
508 ; y~3.4 (cl. ch.) 
: 
cls Spin =3/2 Microwave spectroscopy. Does | C. H. Townes, et al., 
iko not agree with previous spin | Phys. Rev. 71, 644 
SR f | value of 5/2 determined from | (1947) 
band spectral measurements. 
: q= — 0.067 Hyperfine structure of micro-| C. H. Townes, et a/., 
i wave spectrum of CICN. | Phys. Rev. 71, 644 
al and 909 (1947) and 
3 72, 740 (1947 
46 } 
e q= —0.055 From hyperfine structure of | W.Gordy,J.W.Sim- 
Tas | microwave spectrum of CICN | mons, A. C. Smith, 
71, and CH;Cl. Phys. Rev. 72, 344 
‘ (1947) 
| 
N Cl®(n, a) P® | Q=0.44+0.20 | Used heated ionization chamber. | F. Metzger, P. Hu- 
Sei | Energy required for ion pair | ber, F. Alder, Help. 
72, production in CCl,=26.8+1.0| Phys. Acta 20, 236 
ev. (1947) 
al o(n, aw) =0.017 within factor | Based on o|N'(n, a)}] =0.16. ” ° - 
o: of 2; E,=2.98 | | 
466 | | 
Cl Ti =10' y | From o(n, y) and yield. R. T. Overman, Ab- 
8 0.66 fabs. Al] stracts Am. Chem. 
al. | Soc. Meeting 111, 
513 | page 44P, paper 70, 
| | (1947) 
| | 
t al. Cl Spin =3/2 | C. H. Townes, et al. 
513 See Cl®, spin 
q= —0.051 C. H. Townes, et al. 
Ab- See CI®, g 
hem. 
111, | a= —0.045 W. Gordy, et al. 
947) | See Cl®, q 
inti, | | foacdE/E =0.0866 Due to resonance and 1/r abs. | H. V. Lichtenberger, 
19, } = 0.00635 Due to resonance abs. only. j et al, Phys. Rev. 72, 
; Eo = 1800 ev | 164 (1947) 


| 
Cl“(d, p)Cl*| Thick target yield =1500 | 


| E. T. Clarke, J. W. 
| rd/pah; Ey=14 


| Srvine, Jr., Phys. 
| Rev. 70, 893 (1946) 
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17—Chlorine (Cl) 
18—ARGON (A) 
19—POTASSIUM (K) 








Information 
Molecule : 


Cl® 37 m 


Atom or | 


| Proposed decay scheme 











ci38 53% % 36% 
- Bug 
A279 1 spect. 
71.60 
| "4 l spect 
| 8° 4.94 
| 
72.15 
| 1L spect. 
om res a38 





75=37 m 


8 complex [abs. Al] 


More than 10% of 
above Be (y, n) threshold 


7's 


Remarks Reference 


Siegbahn, N 
Arkiv Mat 
33A, 








Best values for high energy | K. 

8's from addition of / spect.| Hole, 

measurements of y's and 1.198. | Astron. Fysik 
No. 9 (1946) 


R. T. Overman, Ab- 

Am. Chem 
Meeting 111! 
44P, paper 70 (1947 


stracts 


Soc. 


A. Wattenberg 
Phys. Rev. 71, 497 
(1947) 





18—ARGON (A) 


Relative c 





abundance in 







A* 0.35+.01 
A% 0.08 + .01 
. | 
A® 99.57 + .03 
| 
Ap | Proton scattering studied as 
function -of angle for 
| E,=4.2 
Al 74=109.4+1m 
att 0.7% 99.3% _ 
81.18 40.05 
abs. Al 
| 
| 71.340.2 
abs. sec.e~ 





| V. H. Dibeler, ef al., 
Bur. Stand. J. Re- 
search 38, 617 (1947 


Seattered intensity follows|H. Heitler, e ai., 
Rutherford law closely for | Proc. Roy. Soc. A190, 
angles from 20° to 70°. Ev-/ 180 (1947) 

idence for excited states of | 


A® at 1.5 and 2.4 Mev. 


E. Bleuler, W. Boll- 
mann, W. Ziinti, 
Helv. Phys. Acta 19, 
| 419 (1946) 


y in coincidence with 1.18 B-. 





19—POTASSIUM (K) 





K Ratio of abundances 
13.96+0.1 


K**/K* 


|W. Paul, M. Pahl, 
| Naturwiss. 32, 228 
| (1944) 
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19—Potassium (K) 
| 
Atom or Information Remarks Reference 
am Molecule 
K a, for photo n’s |R. Fields, et al., 
Phys. Rev. 71, 508 
| (1947) 
Ml 
3A Ks T,=7.5 m |M. M. Ramsey, J. 
8- 2.53 — [abs. All] | L. Meem, Jr., A. C. 
y  2.0-2.15 [coincid. abs.] |G. Mitchell, Phys. 
| Rev. 72, 639 (1947) 
| | 
| 
Kk” y 1.55+0.05 [abs.] |y's per 8 from determination E. Gleditsch, T. 
0.07 y's per 8 jof specific y activity and} Graf, Phys. Rev. 72, 
| Ty (8) of Bleuler and Gabriel, | 640 (1947) 
q.v. 
+ 1.54+0.1 [eoincid.] | Proposed decay scheme | O. Hirzel, H. Wiif- 
1h. s-~1.4 [abs. Al] lisa x* | fler, Helv. Phys. Acta 
r K 19, 216 (1946) 
111 | K 71,55 or B14 
O4 ile am B*20.55 
~ | 
71.54 = = 
g co*° 
497 } | 
. es) a‘? 
@ 8 1.35+0.05 End point of spectrum meas-|B. Déelepow, M. 
R ured with specially designed | Kopjova, E. Vorob- 
947 spectrometer of Danysz type.| jov, Phys. Rev. 69, 
Spectrum similar to that for | 538 (1946) 
allowed transitions. 
} 
oe 8 1.3+0.15 [abs. Cu] Compared with values for RaE | W. J. Henderson, 
wes and UX2. Phys. Rev. 71, 323 
| (1947) 
y 1.5 [abs. Cuand Pb] | |H. A. Meyer, G. 
30 A No 8-y coincidences | Evidence that y is associated | Schwachheim, M.D. 
inti with K capture as suggested by | deSouza Santos, 
119 Hirzel and Wiiffler. Phys. Rev. 71, 908 
’ (1947) 
Argon X-rays found Used thin sheet of KF sur- | E. Bleuler, M. Ga- 
rounding cylindrical counter| briel, Helv. Phys. 
and gaseous absorbing layer. | Acta 20, 67 (1947) 
Ti( = 
| T; (8-) =(7.04 1.0) X10 y 11e) 108s0s from ratio of | ©. Bleuler, M. Ga- 
T; (8° +K) =2.4X106 y T3(K) briel, Helv. Phys. 
counts with 2 different absorber | Acta 20, 67 (1947) 
hl thicknesses. | 
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19—Potassium (K) 
20—CALCIUM (Ca) 











Atom or Information Remarks Reference 
Molecule | 
K“(d, p)K® | Thick target yield =1500 E. T. Clarke, J. W. oad 
rd/uah; Eg=14 | Irvine, Jr., Phy si 
| Rev. 70, 893 (1947 
K® 12.4h T1=12.44+0.10h | Magnetic lens spectrometer. | K. Siegbahn, Ar/ - 
a2 75% 25%, (This decay scheme gives par-| Mat. Astron. Fy 
K tial half-lives 7;=16.6 h and | 34B, No. 4 (1946 
| T72=49.8  h. Author’ gives | 
A; 3.58 Ay2.07 | T:=15.6 h and T,=62.2 h.)f 





BS 














| B- 3.5+0.12 [abs. Al] Following decay 


1.8 complex [coincid. abs.] | sistent with data. 





| y’s inhomogeneous qt 70% 17% 13% |} 20, 195 (1947) and 
| {abs. sec. e7] : 2 1/19, 421 (1946) 
| oe ad ghee 60.4) |ee.0 
No y’s in coincidence with 
Q5 wep | 
3.5 Mev 8 a3s | 
| | 
a | 
3 7h 
) a 


scheme con- 


E. Bleuler. W. Ziin- 
| ti, Helv. Phys. Acta 











20—CALCIUM (Ca) 











Ca a=0.79 From crystal interference ex-| E. Fermi, L. Mar- 
periments. o,~9.5. | shall, Phys. Rev. 71, 
4ra*A?/(A+1)?=7.5 666 (1947) 
Ca(y, n)Ca®) Threshold = 16.0+0.3 | Calculated value= 13.7. R. A. Becker, et al., 
Phys. Rev. 71, 466 
(1947) 
Catt No activity attributable to D. E. Matthews, M. 
Ca" found from K d;/| L. Pool, Phys. Rev. 
K p; Cad; Can 72, 163 (1947) 
Not detected from R. Overstreet, L. 
A” (a, 3n); E,=40 Jacobson, Phys. Rev. 
K"(d,2n);  Eq=20 72, 349 (1947) 
Ca" (d, p); E4g=20 
Ca® Ti=152d D. E. Matthews. M. 
B&B 0.21 L. Pool, Phys. Rev. 
72, 163 (1947) 
Cai T}=5.8d « « «& 
B 3. 2 tf t Compilers’ comment | 
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M. 


“w 


cS 


Sc®* 








21—SCANDIUM (Sc) 





4tom or 


| Information 
Molec 


ule 


| 


Remarks 








ac(85 d)>13; E,=th 











Se# 85 d Sc 48 - 13 
K B™ 0.26 r 
ts 
co*® 
Ti** 
sc#® — 





6B 0.36+.01 





W112 £.02 





70.90 +.02 


1** “ 


Angular correlation of suc- 


cessive 0.89 and 1.12 y's} 


obser ved 


B- 0.358 + .00S 
y 1.116+.02 


0.883 + .01 


{i spect.] 
{i spect.] 
{i spect. ] 





| Re fe rence 





Based on assumption that) W. Bothe, Z. Natur- 
| Gac(Ho 27 h) =o,4(Ho) = 49. 


1 








| group 


One 1.5 y per 0.26 8. 
termined by coincidence meth- 
X-rays 3/2 as numerous 
as 6's. Number of 
electrons not determined. 


ods. 


Auger 


Absorption measurements with 


windowless counter indicate 


absence of K capture. 


(Probably used magnetic lens | 


for B and y 


measurements.) t 


spectrometer 


Coincidences compared between 
counters 90° and 180° apart. 


| > . . . 
| No indication of any other 


of B's with Es>0.36. 
Intensity of y's appears to be 


De- | 


forsch. 1, 179 (1946) 


Arkiv 
Fysik 
(1945) 


L. Meitner, 
Mat. Astron. 
32A, No. 6 


| 
| 


A. E. Miller, M. 
Deutsch, Phys. Rev. 
| 72, (1947) 


Lo7 


vee 





E. L. Brady, M. 
Deutsch, Phys. Rev. 
iy 870 (1947) 


|I. Feister, L. F. 
Curtiss, Bur. Stand. 
| J. Research 38, 411 





equal. (1947) 
gots 8% 94% 180° spectrometer and coin-| C, Peacock, R. G. 
x 0.364.091) | Cidence measurements. 1.49 3 | Wilkinson, Phys. 
heel cannot be due to scattering or| Rev. 72, 251 (1947) 
secondary electrons, and de- 
cays with same half-life as 
61.49.01 271,124.02 | 0.36 6. 
owt 
| 
70.884 .02 
| eel’ 
| 11% t Compilers’ comment 
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22—TITANIUM (Ti) 

















117 


23—VANADIUM (V) 
24—CHROMIUM (Cr) 
Atom or acai ; 7 re 
Molecule Information Remarks Reference 
TiOg Co E, Ra-Be-paraffin source P. Demers, Can. J, 
27.9+4 C Dy detector. Research A24, 
9.5+3 4.8 ev Au resonance. (1946) 
Ti* T;=3.0£0.3 h |O. Huber, et al. 


Ti*(y, n) Ti* | Yield =7.4+1 


relative to 
Cu® (y, n) yield=100; 


E,=17.2 


| Helv. Phys. Acta 17, 
195 (1944) 


|}O. Huber, et a 
| Helv. Phys. Acta 17, 
1195 (1944) 





23—VANADIUM (V) 























VOs2 IG E, Ra-Be-paraffin source. | P. Demers, Can. J. 
20.1+2.4 } Dy detector. | Research A24, 117 
20.8 + 2.6 4.8 ev Au resonance, (1946) 
yi S cadE/E=3.04 Due to resonance and 1/v! H.L. Lichtenberger 
absorption. et al., Phys. Rev. 72, 
= 0.36 Due to resonance absorption | 164 (1947) 
Ey =3370 ev only. 
V® 3.74 m One y per 8” Coincidence methodsemployed. | A. Renard, Comptes 
No y-y coincidences observed. | rendus 223, 945 
| (1946) 
24—CHROMIUM (Cr) 
Cr ot E, Source Detector | T. A. Goloborodko, 
2.5+0.3 0.1 Ra-Be Dy+6 cm paraffin | J. Phys. USSR. 
5.7+0.4 0.2 Th-D - a « | 8, 106 (1944) 
» 6.1+0.8 0.2 Th-D - ae 
3.3+0.4 0.3 Ra-Be “s 16 * - | 
‘es ? Ra-Be *wzw* « | 
4.2+0.4 0.4 Th-Be . 10 -* . 
3.9+0.6 0.4 | Th-Be . i3 * si 
Cr® T3=45+5m | | O. Huber, ef ai., 
Mass assignment made by Helv. Phys. Acta 17, 
showing ~33 m v® | | 195 (1944) 
daughter present 
Cr(y, n)Cr®) Yield =9 + 2relative to Cu®- | | “s - sa 
(y, n) yield =100; E,=17.2 | 
| 
Cr&(y, n) o[Cr®(y, p)]/o[Cr®(y, n)] | | O. Hirzel, H. Wif- 
Cr*(y, p) =0.4; E,~17) | fler, Helv. Phys. Acta 
| |19, 214 and 425 
| (1946) 
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24—Chromium (Cr) 
25—MANGANESE (Mn) 





} 


Iemarks Reference 





Atom wd Information 
Molecule 
P 26.3 d Y 0.32 [l spect.] 


Cr(d,2n)Mn®| Thick target yield 


=3rd/uah; Eg=14 


Threshold =8 


L. C. Miller, L. F. 
Curtiss, Phys. Rev. 
70, 983 (1946) 


E. T. Clarke, J. W. 
Irvine, Jr., Phys. 
Rev. 70, 893 (1946) 





25—MANGANESE (Mn) 











Mn cavonnnniinana 
Be OS os cus? 
v® a” 
ls 
, 
f "286 | YOT34 5 
_ 
| | ‘omen 
[a a = 
4620.03 
cre? ———— Scum 
Mn® o, = (2.2+0.4) 


+-(2.24+0.05) 
E, =0.015-10 ev 
E, =300 +40 ev 


Cr E, 
5.2+0.4 0.1 
7.2+0.5 0.2 
6.9+0.7 0.2 
5.8+0.4 0.3 
6.2+0.8 ? 
| 1.6+0.4 0.4 
4.3+0.7 0.4 
| 
a, (eff) E, (ev) 
6 25 
120 ~ 100 


Eo= 100 ev 
r,~10ev, I',~0.1 ev 
Ey) =~ 300 ev 

a, at Ey~5000 


E 


— 


K capture as alternative to! R. K. Osborne, M. 
|8*=2.66 transition improb- | Deutsch, Phys. Rev. 
| able. 71, 467 (1947); W. 
| See also V™. C. Peacock, M. 


| 
Deutsch, Phys. Rev. 
| 69, 306 (1946) 


| Results with redesigned Co- L. J. Rainwater, W. 


;|lumbia neutron velocity spec- W. Havens, Jr., C. 


S. Wu, J. R. Dunn- 
ing, Phys. Rev. 71, 
65 (1947) 


| trometer. 


T. A. Goloborodko, 
| tectors see Cr. J. Phys. U.S.S.R. 
8, 106 (1944) 


| For details on sources and de- 


| 
} 
| 
| 
| 
| 


|N. H. Barbre, M. 
Goldhaber, Phys. 
Rev. T1, 141 (1947) 





F. P. G. Seidl, S. P. 
Harris, A. S. Langs- 
dorf, Jr., Phys. Rev. 
72, 168 (1947) 


From scattering in B-filtered 
beam. Evidence for higher 
resonances. 
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25—Mangaenese (Mn) 
26—IRON (Fe) 























Atom o 
Molecule 


Mn” 


Mn®* 








Mn*(d,p) Mn* 


Information 


Remarks Reference 





| 


S cadE/E=14.31 


Ey=261 ev 


8S 


16 


j 
Q=4.76, 3.69, 2.69, 2.28, 
| 1.15 and 0.38 


| Levels at 1.07, 1.77, 
3.61 and 4.38 


2.48 


ly 1.81+0.05 (complex) 


| 


Decay scheme 


mre — 





50% 


’ 


Due to resonance and 1/v ab- | H. V. Lichtenberger 
et al., Phys. Rev. 72, 
164 (1947) 


sorption. 
Due to resonance absorption 


only. 
| 
| A. B. Martin, Phy 
Rev. 71, 127 and 72, 
378 (1947) 
Assuming that protons of sag ” 


} 
longest range observed go to | 
ground state. 


Calculated from photo n’s of | A. Wattenberg 


E,=0.22 from Mn-D source. | Phys. Rev. 71, 497 
Very lowintensity. Not found | (1947) 
spectroscopically. 

| “ “ 


Calculated from photo n’s of 
£,=0.14 from Mn-Be source. 


K. Siegbahn, Ar/ 
Mat. Astron. Fysi/ 
33A, No. 10 (1946 


y-ray energies and intensities 
determined from Compton elec- 
tron distribution. Fermi anal- 
ysis of 8~ spectrum made using 
end points indicated by y’s. | 
Resulting 8 and y 
found to 
Gamow-Teller selection rules. 


intensities | 


agree. Spins from | 











26—IRON (Fe) 












Fe 





a=-+0.82 
Oa=2.14; E, 


th 


Comparison of Dy activation 


E. Fermi, L. Mar- 
| shall, Phys. Rev. 71, 
| 656 (1947) 


From mirror experiments. ¢,= 
9.2. 4na*A?/(A+1)?=8.1. 





P. Demers, Can. J. 
in| Research A2@4, 117 
(1946) 


in pure water with that 
water containing FeSO,-7H,O 
assuming o(HO}) =0.28. 
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Fe® 


FeX 


Fe* 


i 





26—Iron (Fe) 
27—COBALT (Co) 








ys . = Information Remarks Reference 
Molecule 
Fe a (backscattering) Bias | See C. Slightly lower values J. H. Manley, et. al., 
0.81 +0.03 1.4. | found for thicker sample. Phys. Rev. 70, 602 
0.62 +0.04 1.7 | | (1946) 
Incident E,=3.1 | 
o; for photo n's | R. Fields, et. al., 
| Phys. Rev. 71, 508 
| (1947) 
o,=2.75+0.05; E,=14 | Nuclear radius=6.6310~-" | FE. Amaldi, et. al., 
cm. See Be®. See also Phys.| Nuovo cimento 3, 
Rev. 71, 739 (1947). 115 and 203 (1946) 
o;+oin = 1.43 +0.05; | = “s ” 
E,=14 
Fe T3=8h | Assigned to Fe®. Reactionim-| B. B. Cunningham, 
3* emitter plies loss of 4 charge and 13) H. H. Hopkins, M. 
Produced by mass units. Lindner, D. R. Mil- 
Cu d: E,=200 ler, P. R. O'Conner, 
I. Perlman, G. T. 
Seaborg, R. C. 
Thompson, Phys. 
Rev. 72, 739 (1947) 
Fe T,=8.9+0.5 m ©. Huber, et. al., 
Helv. Phys. Acta sy, 
195 (1944) 
Fe(y, n)Fe®) Yield =31+3 relative to! Yield may be too high because ” = ” 
Cu™(y, n) yield = 100; of unknown Mn*® radiations. 
E,=17.2 
Fe ® ~4 y K-capture, K X-rays of | Results on continuous y radia-|H. Bradt, P. C. 


Mn observed 
No 3* or 8” 


Continuous y spectrum with 
E,=0.07 | 
210° y’'s/disintegration 


Produced by 
Mn(p, n); Ep=7 


tion consistent with Morrison- | Gugelot, O. Huber, 

Schiff theory, Phys. Rev. 58,241 H. Medicus, P. 

(1940). Preiswerk, P. 
Scherrer, R. Steffen, 
Helv. Phys. Acta 19, 
222 (1946) 





27—COBALT (Co) 





Co*®(d,p)Co™ |Thick target yield =0.040 | 
rd/uah; Eg=14 


E. T. Clarke, J. W. 
Irvine, Jr., Phys. 
| Rev. 70, 893 (1946) 


|H. L. Bradt, D. J. 





Co™ Thick target yield, 
(a, 2n) /(a, n) =0.02; Tendam, Phys. Rev. 
E,=19 | 72, 527 (1947) 
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27—Cobalt (Co) 
28—NICKEL (Ni) 








Atom or 











Information Remarks | Reference 
Molecule | | J 
? | aes eae ear ; es ‘ Ti 
Co” o.= (6.7+0.3) + Improved Columbia velocity|C. S. Wu, L. J 
(6.4+0.15)/E; | spectrometer. Rainwater, W. W 
E,=0.15-5 ev Havens, Jr., P) 
| 
| Fo=115+5 ev Indications of additional reso- | Rev. 71, 174 (1947) 
oo I? ~ 200,000 nances in region 10°-104 ev. 


Co® 5.3 y 


Co" 


| Neutron resonance at115ev| Values of cross section de-|S. P. Harris, A. 8 

mainly scattering termined by different experi-| Langsdorf, Jr., | 

| mental arrangements given. G. P. Seidl, Phy 
| Rev. 72, 866 (1947 


| 


8 0.310+0.009 {I spect.] |L. C. Miller, L. | 

y 1.16+0.03 % Curtiss, Bur. Stand 

| 1.32+0.04 | J. Research 38, 359 

| | (298%) 

lE,< 1.63 [Be(y, n) thresh-| No photo n’s observed from! A. Wattenberg, 

old] Be or D. Phys. Rev. 71, 497 

| (1947) 

| 

| No significant asymmetry iW. M. Good, Phy 
in angular distribution of Rev. 70, 978 (1946 


‘ % £ Ea + 6 
2 y's from 5 y Co” 


Angular correlation of suc-| Coincidences compared be-| E. L. Brady, M 
cessive 1.1 and 1.3 y's tween counters 90° and 180° Deutsch, Phys. Re 


observed apart. 72, 870 (1947) 
Ty =1.75+0.5 h Follows Co chemistry. Mass | T. J. Parmley, B. J 
8-=1.1 [abs. Al] spectrometer assignment. Moyer, Phys. Re 
|Noy 72, 82 (1947) 
Produced by 
Cu®(n, an), E,=fast From 60-in. Berkeley cyclo- | 
Ni™(d, an), Eqg=22 tron. 


Ni™(p, a). E, 14 





28—NICKEL (Ni) 











Ni o, for photo n’s R. Fields, et al., 
Phys. Rev. 71, 508 
| (1947) 
} or E, See Li? for source and detector | T. Goloborodko, J. 
5.7405 0.1 details. | Phys. U.S.S.R. 11, 
| 6.6+0.5 0.2 | 4 (1947) 
6.3+0.5 0.3 } 
| 3.604 0.4 | 
| 
o,=2.62+0.06; E,=14 Nuclear radius=6.47X10-8| E. Amaldi, et al., 
em. See Be’. See also Phys.| Nuovo cimento 3, 
| Rev. 71, 739 (1947). | 15 and 203 (1946) 
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Cu! 
Cu 
Cu 
Cut 








28—Nickel (Ni) 








29—COPPER (Cu) 
l 
seated Information Remarks Reference 
Ni a=1.09 | From mirror expe ee o,= | E. Fermi, L. Mar- 
13. 4nra®A?/(A+1)?=14. shall, Phys. Rev. 71, 


666 (1947) 


Ni? T;=36.9+1.5h O. Huber, et al., 
Helv. Phys. Acta 17, 
195 (1944) 





Ni*(y, n) Ni*| Yield=3.9+0.7 relative to ” - al 
Cu®(y, n) yield = 100; Ey 
=17.2 

Ni™(p, n)Cu™) Threshold = 5.1+0.2 C. E. Leith, A. 


| Bratenahl, B. J. 
| Moyer, Phys. Rev. 
172, 732 and 745 





| (1947) 
Ni® Mass assignment of 2.6 h| From (n, p) reaction on sepa-| J. A. Swartout, G. 
activity rated Cu isotopes. E. Boyd, A. E. 


|Cameron, C. P. 
Keim, C. E. Larson, 
Phys. Rev. 70, 232 
(1946) 





Mass assignment of 2.6 h/ From (n, y) reaction on samples | E. E. Conn, A. R. 

activity confirmed enriched in Ni® and Ni®™. Brosi, J. A. Swart- 
out, A. E. Cameron, 
R. L. Carter, D. G. 
Hill, Phys. Rev. 70, 
| 768 (1946) 








29—COPPER (Cu) 

Relative abundance in % | Ratio 63:65=2.330+0.032 H. Ewald, Zeits. f. 

Cus 69.97 + 0.29 | Physik 122, 487 
Cu® 30.03 + 0.29 | (1944) 

Cu® 69.48 + 0.16 Ratio 63:65 = 2.277+0.017.|H. E. Duckworth, 

Cu® 30.52+0.16 Photometrically measured us-| B. G. Hogg, Phys. 


ing a Dempster are source. Zine | Rev. 71, 212 (1947) 
abundances as measured by 
Nier used as standard. 








| 
Cu o E, Ra-Be-paraffin source. P. Demers, Can. J. 
8.3+0.4 Cc Dy detector. | Research A24, 117 
9.4+0.6 4.8 ev Au resonance. | (1946) 
| o; for photo n’s |R. Fields, et al., 
Phys. Rev. 71, 508 
(1947) ’ 
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29—Copper (Cu) 











Atom or ; : ‘ 4 ; 
Melecule Information Remarks | Reference 
Cu o:=2.86+0.13; E,=14 Nuclear radius=6.75X107"| E. Amaldi, et a 


Cu(d, n) 


Cu(y, n) 


Cu(a, n) 


Cu” 


Cu® 


Cu" 3.4h 


Cu® 





iy 1.50+0.05 [abs. Pb] 
| Bt 1.8 





em. See Be’. 

See also Phys. Rev. 71, 
| (1947). 

| 


a=0.81 


| From mirror experiments. 


o,=7.2. 4na*A?/(A+1)?=8.0 


| 


More high energy 
ward direction. 


Number of n’s of different 
emitted at “0 
Ea=15 


energies 
and 90° given; 
Number of n's of different 
emitted at O°} 
E,=7.5 


energies 
and 90° given; 


Number of n’s of different 

energies emitted at O 

and 90° given; 2£,4=30 

Follows Cu _ chemistry. 
signed by energy 
tion considerations. 


Ty=10m 
Produced by 


Ni®(p, n); E,p=5-15 


Ti=81s 
Produced by 

Ni® p; Ep=5-15 
73 =24.6+0.3 m 
+0.2  [abs.] 
B* 3.3 +0.2 (<5%) [abs.] 
Produced by Enriched targets. 
Ni®(p, n); Ep=5-15; 

threshold = 5.1 +0.2 
Ni®%(d, 2n); Eg=18 
Ni®¥(a, pn); Eg=36 


Produced by 
Ni®™(p, n); Ep=5-15 


7T,=10.1+0.1 m 


Ty=10.5+0.25 m 


As- 


and excita- 


Element assigned by chemical 
and mass by calutron analysis. 


| 


739 | 


Nuovo cimento 3, 1 
and 203 (1946) 


E. Fermi, L. Mar- 
shall, Phys. Rev. 71, 


| 666 (1947) 


, 4 | 
n’s in for- | 


| 
| 
| 
| 


=a B. Roberts, P. 
ey Phy 
td 72, 76 (1947 


Cc. E. Leith, A 
gratenahl, B. J. 


Moyer, Phys. Re 
| 72, 732 (1947) 


Also Phys. Rev. 72 
745 (1947) 


C. E. Leith, A. Bra- 
tenahl, B. J. Moyer, 
Phys. Rev. 72, 732 


|QO. Huber, et al., 
| Helv. Phys. 
| 195 (1944) 





Acta 1T, 
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Cu 


Cu® 


NUC 









































29—Copper (Cu) 
“ : 
Atom or Inf ‘: ; 
Malcouds nformation Remarks | Reference 
Cu® ¥ See Zn™ (Bonner) O. Euber, et al., 
Helv. Phys. Acta. 17, 
1195 (1944) 
Cu®(y,n)Cu® o(y, 7 0.05; Li p y's; a sd * 
E,=17.2 
- | 
Cu®(d, ))Cu®| Q=5.2+0.4 L. Meitner, Arkiv 
Mat. Astron. Fysik 
33A, No. 3 (1946) 
u™(d,p)Cu™| Thick target yield =92 rd/ | E. T. Clarke, J. W. 
pah; Eag=14 Irvine, Jr., Phys. 
Rev. 70, 893 (1946) 
Cu®(d,2n)Zn™| O=5.5+0.4 L. Meitner, Arkiv 
Mat. Astron. Fysik 
133A, No. 3 (1946) 
Thick target yield=1160 | E. T. Clarke, J. W. 
rd/pah; Eqg=14 | Irvine, Jr., Phys. 
lhreshold =6.5 Rev. 70, 893 (1946) 
Cu 12.8 bh < 1.63 [Be(y, n) threshold] | No photo n’s observed from Be |A. Watten berg, 
or D. | Phys. Rev.. 71, 497 
| | (1947) 
One 1.35 y per 40+5 8*!|FEnergy and iatensity agree |M. Deutsch, Phys. 
with theory of the annihilation | Rev. 72, 729 (1947) 
| | of moving positrons. 
| 
| 
|y 1.20 [abs. Pb, coincid. | Proposed decay scheme H. Bradt, et al., 
| see. 7] cus Helv. Phys. Acta 19, 
- shown coupled with K 219 (1946) and 18, 
capture by coincid. meas. * 00.578 252 (1945) 
Number of y's per §"= = = arr) 
0.10 + 0.02 
Number of 8 per §*=2.1 71.20 . 
A* 0.659 
ni®* 
Cu S cadE/E=0.621 Due to resonance and 1/» ab- | H. Lichtenberger, et 
sorption. al., Phys. Rev. 72, 
=0.299 Due to resonance absorption | 164 (1947) 
E,)=570 ev only. 
No nuclear transformations S. Eklund, Arkiv 
| detected when bombard- Mat. Astron. Fysik 
ed with 0.390 Mev X-rays 33A, No. 14 (1946) 
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29—Copper (Cu) 
30—ZINC (Zn) 

















Cu®(p,pn)Cu“) Reaction observed for 
E,=16 


| 
At . . 
Molecule | Information Remarks Reference 
Cu®(y,n)Cu®) Yield =2.4+0.4 relative to O. Huber, et al., 
| Cu®(y, n) yield= 100; Helv. Phys. Acta 11, 
| E,=17.2 195 (1944) 
CuS(d,2n)Zn* Thick target yield =0.126 | E. T. Clarke, J. W 
| rd/pah; Eg=14 |}Irvine, Jr., Phy 
| Threshold = 4.6 Rev. 70, 893 (1946 
| 
Reaction observed’ with | L. Meitner, Arki 
Ea=5.8 | Mat. Astron. Fysik 


| 338A, No. 3 (1946) 
| 
| J. R. Richardson, B 
T. Wright, Phys 
| Rev. 70, 445 (1946 























' 





Cu®* 7T,=5.05+.005 m Proposed decay scheme 
\¥ 1.32+0.04 fabs. Pb] cue? 
| Produced by Cu® (d, p) 
| 62.58 
= 
‘ 71.32 
Zn® 
30—ZINC (Zn) 
Zn | o, for photo n's R. Fields, et al., 
| Phys. Rev. 71, 508 
| (1947) 
or Ey See Li for n sources and detec- | T. Goloborodko, J. 
5.1+04 0.1 tors. | Phys. U.S.S.R. 11, 
4.0+0.4 0.2 44 (1947) 
6.0+0.6 0.3 
2.8+0.3 0.4 
i 
. 3.03+0.15 14 Nuclear _ radius=6.96X10-"| E. Amaldi, et al., 
em. See Be’. Nuovo cimento 3, 15 
See also Phys. Rev. 71, 739) and 203 (1946) 
(1947). 
| 
|a=0.58 From mirror  experiments.|E. Fermi, L. Mar- 
o,=3.6. 42a?A*/(A+1)?=4.1 | shall, Phys. Rev. 71, 
666 (1947) 
Zn® 38 m | 1.5 Mev y not detected A 1.5 Mev vy was reported by|L. Meitner, Arkiv 


A.A.Townsend, Proc. Roy. Soc. | Mat. Astron. Fysik 


A177, 357 (1941). | 833A, No. 3 (1946) 
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Ga® 








30—Zine (Zn) 
31—GALLIUM (Ga) 
































ae " Information Remarks | Reference 
Molecule 
Zn®™ 38 m Proposed decay scheme Fermi plot of 8* spectrum;H. Bradt, et al., 
ons 4% 8% B8% shows three partial spectra.| Helv. Phys. Acta 
| T (Other details not given.) t 19, 221 (1946) 
"4 «,3* K | 
—t— Pe | 
> B” 2.36 
5 2.02 
: 719 | 
8 .! | 
ee » 
8 3 7 0.96 
3 2 t.0! 
3 3 
cat = a 
Production from Cu®™ ¥ | N. A. Bonner, et al., 
with E,<100 attributed | Phys. Rev. 71, 511 
to secondary neutrons ; (1947) 
ao [(Cu® (y, meson) ]<10 mb, | Assuming o[Cu™(y, n)}~0.1. 
E,<100 + Compilers’ comment 
31—GALLIUM (Ga) 
Ga” 14.1 h y Relative intensity | Photoelectron lines observed | L. C. Miller, L. F. 
0.64 a ~ | with magnetic lens spectrom- | Curtiss, Phys. Rev 
0.84 6 eter. 70, 953 (1946) 
2.25 6 | 
B- 0.77 [coincid. abs.] Suggested decay scheme | A. C. G. Mitchell, 
2.3 [abs. Al] Go 72 E. T. Jurney, M. 
y 0.82 [abs. Pb] 80.77 | Ramsey, Phys. Rev. 
2.4 |[abs. recoils Al] B24 = 71, 324 (1947) 
12.4 
a 
70.64 j 
3 ——_ ' 
Ge”? 70.82 
0.72 [coincid. abs.] | By and y-7 coincidences |C. E. Mandeville, 
2.29 [eoincid. abs. sec. e~]} | observed. M. Scherb, Phys. 
| Rev. 72, 520 (1947) 
y 1.99 (complex) Cale. from photo n’s of E, =|A. Wattenberg, 
0.27 from Ga-Be source. Phys. Rev. 71, 497 
2 y's above Be threshold. (1947) 
| 
y 2.50+0.05 Cale. from photo n’s of E, = | pi Mig 
0.13 from Ga-D source. 
|n energy same as from La-D | 
source. 
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31—Gallium (Ga) 
32—GERMANIUM (Ge) 
33— ARSENIC (As) 


| 


4 | tom or ° 
Volecul Information Remarks Reference 
4 OlCCULE 











Cia” 14.1 h | Average y energy per Total ionization due to gamma | E. C. Barker, P? 
(3- +e) =2.6 Mev rays from a sample, whose | Rev. 72, 167 (1947 
| particle emission is known, | 


determined in large Al block. | 





32—GERMANIUM (Ge) 








Ge Ey =95 ev 1/v thermal slope not observed |C. S. Wu, L. J. 
ool"? ~ 800 because of crystal effects. Res- | Rainwater, W. W. 
onance may be multiple. Havens, Jr., Phys 


Rev. 71, 174 (1947 


Ge” Gac(40 h) < 0.073 Old value given by Seren was J. R. Arnold, N 
| not corrected for activity of Sugarman, J. Chem 
10h As. | Phys. 15, 703 (1947 
| 
} 
Ge" lld | Bt or 8 -~0.6 [1 spect.|} Lens spectrometer used does L. C. Miller, L. F 
| y~0.5 i not differentiate between $* | Curtiss, Phys. Re 
and B . y may be annihilation | 70, 983 (1946) 
radiation. 
| 
40h | T)=3642.5h O. Huber, O. Lien- 
| Produced by |hard, H. Wiiffler 
| Ge(y, n); Ey=17.2 Helv. Phys. Acta 17, 


| Yield=5.6+1 relative to 
Cu®(y, n) yield=100 


195 (1944) 

| 

eereten Pee | 
Ge® 89 m 74=90+6m 

Produced by 

| Ge(y, n); E,y=17.2 

| Yield =24+3 relative to 
Cu®(y, n) yield=100 


J. R. Arnold, N. 
Sugarman, J. Chem. 
Phys. 15, 703 (1947) 


Ge*® Oac(12 h) = 0.085 
(59 s) =0.095 


“ “ “ 


Ge™ | Ty=59+2 8 Existence of this isomer prob- 
8B” 2.8 [abs. Al] ably accounts for apparent 
Genetic relationship be-| high independent fission yield 
tween a short-lived Ge | of As’7. See also Se®™. 
and 40h As established | 





33—ARSENIC (As) 





As | or E, | See Li for n sources and de- | T. A. Goloborodko, 
8.2+0.6 0.1 | tectors. |J. Phys. U.S.S.R. 
6.3+0.5 0.2 11, 44 (1947) 
7.0+0.6 0.3 
5.8+0.7 0.4 
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Se 


Se” 


Ses 


NUC 








33—Arsenic (As) 
34—SELENIUM (Se) 























- 2m a Information Remarks Reference 
Motecuie } 
akaamil dls 
As” 26 h 8* 2.78+0.10 [abs. Al] | Coincidence measurements in-| A. C. G. Mitchell, 
y 2.4 [abs. sec. e~] | dicate more than one 8* lead-| E. T. Journey, M. 
Produced by ing to excited Ge”. Ramsey, Phys. Rev. 
Ga™(a, n); E,=23 | 71, 825 (1947) 
| 
| 
\s° 27 h Relative intensity | Photoelectron lines observed | L. C. Miller, L. F. 
0.57 ‘ 5 | With magnetic lens spectrom- | Curtiss, Phys. Re. 
1.25 2 | eter. 70, 983 (1946) 
1.84 very weak | 
215 “ “ 
ps7 60% 25% 15% +». | Magnetic lens spectrometer. K. Siegbahn, Arkiv 
| 7 Relative intensity Mat. Astron. Fysik 
| p49 A129 0.55 37.5 34A, No. 7 (1946 
rs 1.20 12 
(3.04 aie e 
a mm ize 1.75 1.5 
| $ 
' | 
vis0$ 7178 
| S | 
| ae | 
| 70.55 
se7e + icO 
1-10% of y's above Be(y,n) | A. Wattenberg, 
threshold Phys. Rev. 71, 497 
<1% of y's above D(y, n) (1947) 
threshold | 
34—-SELENIUM (Se) 
— o:=3.35+0.18; E,~14 Nuclear rad.=7.31X107~" em.| E. Amaldi, et al., 
See also Phys. Rev. 71, 739| Nuovo cimento 3, 
(1947). 15 and 203 (1946) 
o: E, | For details on sources and de- | T. A. Goloborodko, 
6.9+0.5 0.1 tectors see Cr. |J. Phys. U.S.S.R. 
5.8+0.4 0.2 8, 106 (1944) 
5.5+0.5 0.2 
8.3+0.4 0.3 
5.8+0.7 ? 
5.0+0.4 0.4 
4.8+0.8 0.4 
Se” Cac(115 d) = 22 | H. N. Friedlander, 
L. S. Seren, 8S. H. 
Turkel, Phys. Rev. 
72, 23 (1947) 
Se” T,}=115+5d si i ss 


y 0.4 [abs. Pb] 
As X-rays detected 





Only few % of disintegrations go by Bt 
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34—Selenium (Se) 
35—BROMINE (Br) 





Atom or 


Rem rks 
Molecule | Remar 


Information 


Reference 








Se7(y,p) | a[Se”(y, 
Se®(y, n) 


Pp ] a[Se™(y, n | 


=0.03; E,=17 


Se® Oac(17 m)=0.50; E,=th 
Se® Cac (67 8) =0.047 | 
Fac (25 m) = 0.004; E,=th| 
Se®) Ty=67+38 Existence of this isomer prob- 
8 3.4 [abs. Al] ably accounts for apparent high 
ly independent fission yield of | 
Genetic relationship be-| Br®. 
tween a short-lived Se| 
} and 2.4 h Br® established | 
| 
| 
Se | Gace (17.5 8) + 0.6 Cross section of element. } 
| 
Se? 7T,=17.5+0.3 8 
N 4 ‘oOo os 


ly 0.15 


G. Hirzel, H. 
Wiffler, Helv. P} 
Acta 19, 425 (1946 


J. R. Arnold, N 
Sugarman, J. Chen 
Phys. 15, 703 (1947 


‘ “ 
“ “ 
“ “ 
“ “ 





35—BROMINE (Br) 





Relative abundance in %| Br*!/Br7®=0.979+-0.004. | 
| 


50.53 


49.47 


Br’? 
Br! 


| 
| 
Br(d, 2n)Kr | Thick target yield =190 ug 
Ra equivalent/yah; 
Ea =14 
Threshold 5 


Br |}a=0.56 Crystal interference  experi- | 


ments. o,<7. 


4na*A?/(A+1)?=3.9. 





Molecular beam resonance 


method. 


| 
| w=2.110+0.021, 


2.271 +0.023 Spins taken to be| 


3/2. Cannot yet assign to 





specific isotopes. 
structure of | 


Br” |q=+0.17 From hyperfine 
microwave spectrum of BrCN. | 


q=+0.21 





Spin =3/2 | 


D. Williams, P 
Yuster, Phys. R: 


| 69, 556 (1946) 


| E. T. Clarke, J. W 
| Irvine, Jr., 
| Rev. 70, 893 (1946 


Phys. 


E. Fermi, L. Mar- 


| shall, Phys. Rev. 71, 
666 (1947) 


S. B. Brody, W. A. 


Nierenberg, a F 
Ramsey, Phys. Rev. 


72, 258 (1947) 


W. Gordy, et al., 
Phys. Rev. 72, 344 


and 259 (1947) 


Townes, et al., Phys. 
Rev. 71, 644 and 72, 


40 (1947) 
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Br 


Br* 


Br’ 


Br 


Kr 
Kr* 
Kr® 
Kr® 
Kr* 


Kr* 
Kr* 
Kr® 


Kr® 


NU! 





35—Bromine (Br) 
36—KRYPTON (Kr) 





Atom or 


| | 





Br! 


: : Information Remarks Reference 
Molecule | 3 
| Spin =3/2 From hyperfine structure of | Townes, et al., Phys. 
q=+9.16 microwave spectrum of BrCN. | Rev. 71, 644 and 72, 


Br*!(d, p) Br® 


740 (1947) 


q=+0.14 * - " Gordy, et al. See 


Br? 
Thick target yield=28.5 | E. T. Clarke, J. W. 


rd/yah; Eqg=14 Irvine, Jr., Phys. 
| Rev. 70, 893 (1946) 


4.51s delayed n activity | Comparison of range with that | N. Sugarman, J. 























Br’ 
identified chemically as | of 55.6 s delayed n activity in- | Chem. Phys. 16, 
isotope of Br | dicates mass of 4.51 s n activity | 544 (1947) 
Fission fragment range= __| lies between 86 and 90. 
4.05+0.03 mg Al/cm? 
Br® 56s delayed n’s assigned | Element definite from chemical | A. H. Snell, J. 8. 
here | isolation. Isotope probable. |Levinger, E. P. 
| Meiners, Jr., M. B. 
| Sampson, R. G. Wil- 
| | kinson, Phys. Rev. 
| 72, 545 (1947) 
36—KRYPTON (Kr) 
| Relative abundance in % | I. V. H. Dibeler, F. 
I Il III | L. Mohler, R. M. 
Kr’ 0.36+0.01 0.342 0.346 | Reese, Bur. Stand. 
Kr” 2.25+0.02 2.228 2.261 J. Research 38, 617 
t patti = 
Kr® 11.57+0.04 11.500 11.500 | (1947) 
Kr3 11.44+0.03 11.480 11.500 | ZZ. Average of 10 runs on each | JJ. M. Lounsbury, 
Kr 57.14+0.03 57.020 56.950 | of two spectrometers. S. Epstein, H. G. 
Kr 17.24+0.05 17.430 17.430 | Thode, Phys. Rev. 
|7%, 517 (1947) 

III. Corrected 1937 work. | JII. A. O. C. Nier, 
| quoted by Louns- 
| bury, et al. 

Relative fission yields of | Measured with mass spectrom- H. G. Thode, R. L. 

stable kryptons eter. |Graham, Can. J. 

Kr* 15.39 +0.05 | Research A265, 1 
kr 28.91+0.05 (1947) 

Kr | 65.70+0.05 

Kr? | p= —0.967 Preliminary results. J. B. M. Kellogg, S. 

| Spin=9/2 Millman, Rev. Mod. 

Phys. 18, 323 (1946) 

Kr Ti~10y Determined by measuring | H. G. Thode, R. L. 

change with time in ratio of | Graham, Can.J.Re- 

Kr® to stable Kr isotopes. search A265, 1 (1947) 
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36—Krypton (Kr) 
37—RUBIDIUM (Rb) 
38—STRONTIUM (Sr) 








Atom or 


Molecule 
Kr 





Information 





Upper limit of recoil energy 
| of Kr 


decay = 51.5+2 ev 


| 


| 


nucleus upon 8 


| Remarks Reference 





From distribution of recoil! J. C. Jacobsen, 0 
energy authors conclude neu- | Kofoed-Hansen 
trinos emitted in same direc- | Kgl. Danske Viden- 


| skab. Selskab, Mat- 
fys. Medd. 23, No 
12(1945); also Phy 
Rev. 70, 789 (1946 


tion as p's. 








37—RUBIDIUM (Rb) 





Rb*® 73=5.8+1.0X10" y 


Rb*(y,n)Rb*® Yield =53+10 relative to 





Correction made for counter |S. 


Eklund, A 
Mat. Astron. Fy 
33A, No. 14 (1946 


absorption. cali- 
brated with U. age of 
| Varutriisk pegmatite of 1.7+ 
| 0.5 10° y. 


Geometry 
Gives 


O. Huber, O. Lie: 











Cu®(y, n) yield = 100; } hard, H. Wiiffler 
E,=17.2 | Helv. Phys. Acta 17, 
| 195 (1044) 
Rb*® |Ty~17d 
38—STRONTIUM (Sr) 
Sr Seatteringlengthahassame | Data on neutron reflection! E. Fermi, L. Mar- 
| sign as for oxygen from SrSO, not consistent with | shall, Phys. Rev. 71, 
value of a (0.88) calculated | 915 (1947) 
from o,=9.5. 
Sr Oac(2.7 h) =Q.13; E,=th Based on internal conv. coeff.|L. Seren, H. N. 
of 15%. Sample irradiated in | Friedlander, S. Tur- 
Argonne thermal col.; Cdratio kel, Phys. Rev. 71 
for In resonance n’s >.20,000. 454 (1947) 
8(d,p) Sr? | Thic k target yield = 1.3 rd/ E. T. Clarke, J. W. 
wah; Eg=14 | Irvine, Jr., Phys. 
SrS(d, on) Y® | Thick target yield =1.4 rd/ | Rev. 70, 893 (1946) 


| 
pah; Eg=14 
| Threshold = 6 
|e 


Sr® 55d 5+0.1 
| Ty=54.5d 
| B- =1.5 


| Ty=70y 
B- =0.6 


W. Rall, R. G. Wil- 


Thin lens spectrometer. 


kinson, Phys. Rev. 
71, 321 (1947) 
W. E. Grummitt, 


G.Wilkinson,Nature 
158, 168 (1946) 


| 
| “ “ “ 
| 
| 
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ys 


Zr™ 


Cb 


NL 








71, 


W 


CS 





39—YTTRIUM (Y) 


40—ZIRCONIUM (Zr) 
41—COLUMBIUM (Cb) 





Atom or 


Molecule 


yw 


ys 


105 d 


05d 


Information 


——_—_——| aS ae 
No angular correlation of | (Assigned to mass 88 by some FE. L. 
| 

authors) t 


successive y's 


No significant 
in angular 


asymmetry | 
distribution | 
of 2 y's from 105d Y 





Remarks 





Refe rence 


Brady, M 
Deutsch, Phys. Rev. 
72, S70 (1947) 


W. M. Good, Phys 
Re v. 70, OTS 1044) 














ys Gac(61 h)=1; E,=th | See Sc. W. Bothe, Z. Natur- 
| forsch. 1, 179 (1946) 
y? Ty=6141 h (2.54+0.04 d) | W. Bothe, Z. Natur- 
8-=2.1 [abs. Al] forsch. 1, 179 (1946) 
Ty=72h (3d) W.E.Grummitt, G. 
3 2.2 Wilkinson, Nature 
158, 163 (1946) 
y= 7T,=61d “ “ “ 
=1.4 + Compilers’ comment | 
40—ZIRCONIUM (Zr) 
Zr aa \¢@ 6.8 +0.3)+ | Good from 0.012 to 0.6 ev. W. W. Havens, Jr., 
(0.74+0.1) Cc. 8. Wa kL J. 
Ey (ev ol Rainwater, C. L. 
1.09 + .03 rer Meaker, Phys. Rev. 
2.3 +.07 ~8 71, 165 (1947) 
5.7 +.5 7 Probably a complex level. 
7.6 1 
Zr® Ty=65d W.E. Grummitt, G. 
3 0.5 Wilkinson, Nature 
158, 163 (1946) 
41—COLUMBIUM (Cb) 
Cb” 10.1 d Produced by M. L. Wiedenbeck, 
Cb® (d, t); Eag=10 Phys. Rev. 70, 435 
Threshold ~ 5-6 (1946) 
Produced by D. N. Kundu, M. 
Cb® (d, t); Eg=10 L. Pool, Phys. Rev. 
| 71, 140 (1947) 
| 
Cb” T)=21.6h | M. L. Wiedenbeck. 


B 1.2 [abs. Al] 
+ 0.6 [abs. Pb] 
Produced by 

Cb® (d, t); Eg=10 
Threshold ~ 5-6 





+ Compilers’ comment 


|10 d and 21.6 h activities (see | See above 
| above) found to have similar 
| excitation functions. 


(Appar- 
| ently no chemistry.)t 


| 
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41—Columbium (Cb) 
42—MOLYBDENUM (Mo) 











Phys. Rev 


Atom or Information Remarks Reference 
Molecule } 
Cb® p=5.3 Analysis of hyperfine structure |W. Meeks, R. A, 
No quadrupole moment de- | in Cb I spectrum. Fisher, 
tected 72, 169 and 451 


Spin = 9/2 


o:= (6.4+0.2)+ 
(0.10 + 0.04) / #4 


ll 
S 
S 
to 
uo 


Og=1.44; E, 





JS cadE/E =0.0349 


| = 0.0296 
| Eo=uncertain 
Cb" 6.6m _ | Emits mainly X-rays, 
| abs. coeff. = 10 cm?/gm Al 
| 


Produced by 
Ch* (d,p); Ea=10 


Cb*® T,1=33 d 


18 0.15 


} 

ie 

iy 0.75 [l spect. ] 
int. conv. 


Sharp discontinuities due to 


crystal interference at neutron 


| wavelengths 2.05 and 2.67 A.U. 


No levels attributed to Cb. 


Due to resonance and 1/v ab- 


sorption. 
Due to resonance only. 


(1947) 


1C. S. Wu, et al., 
Phys. Rev. 71, 174 
(1947) 


| H. L. Anderson, et 
al., Phys. Rev. 72, 
16 (1947) 

|H. V. Lichtenber- 
ger, etal., Phys. Re 

| 72, 164 (1947) 


|M. Goldhaber, W 
| J. Sturm, Phys. Re 
|70, 111 (1946) 

| 


D. N. Kundu, M 
L. Pool, Phys. Re 
70, 111 (1946) 


| 

W. E. Grummitt, G 
| Wilkinson, Nature 
| 158, 163 (1946) 

i 


| W. Rall, R. G. Wil- 
|kinson, Phys. Rev 
| 71, 321 (1947) 





42—MOLYBDENUM (Mo) 





( 


Relative abundance in % 





Determined electrometrically 
from Mo* and Mo** produced 


by electron bombardment. 


| Abundance of other isotopes 


must be < 10 times abun- 
dance of Mo. Accuracy= 


+1% 


Agrees with theory of Serber, 
loc. cit. 


D. Williams, P. 
Yuster, Phys. Rev 
169, 556 (1946) 


A. C. Helmholz, et 
al., Phys. Rev. 72, 
740 (1947) 








Mo” 15.84 

Mo* 9.04 

Mo*® 15.72 

Mo* 16.53 

Mo*? 9.46 

Mo*% 23.78 

Mo! 9.63 

Mo (d,n) Angular distribution of n’s 
with EZ, >20 for Eg=120. 
Narrow collimated beam 
in forward direction ob- | 
served 
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Me 


Me 


Mi 


M 


Te 








Re 





42—Molybdenum (Mo) 
43—TECHNETIUM (Te) 





Atom or 


~ Information 
Molecule 


Remarks | Reference 





Mo Os ai En 
18.5 + 2.4 
16.1+2.8 

Mo® 18 m 8* activity 

Produced by 

Cb® (d, 2n) 

Leads to 

mass 93 


assignment to 


Mo" 6.7h | 7}=6.70+0.05 h 

B* 0.3 and 0.7 

y 16 

Produced by Cb® (p, n), 
Cb® (d, 2n), Zr® (a, n) 


| Produced by 
Cb® (d, 2n), Eg=10 
Mo d, Ea = 10 
Mo” 67 h 0.24, [l spect.] 
0.75 


possibly others 


a 


y 0.770 [7 spect.] 


~A4.8 ev 


| P. Demers, Can. J. 
A24, 117 


| Research 
| (1946) 


| 


Au resonance. 


[Production by (y,n) and (n,2n) | M. L. Wiedenbeck, 
left doubt as to whether assign- Phys. Rev. 70, 435 
ment should be 91 or 93.]t (1946) 


| 

| 

| Follows Mo chemistry. D. N. Kundu, M. 
L. Pool, Phys. Rev. 
70, 111 (1946) 


M. L. Wiedenbeck. 


See above. 


Preliminary values. No chem-| L. C. Miller, L. F. 
ical separation. Curtiss, Phys. Rev. 


70, 983 (1946) 


| 
| 


May be associated with Tc®®?| W. M. Schwarz, M. 











0.815 decay. L. Pool, Phys. Rev. 

0.840 + Compilers’ comment 71, 122 (1947) 
43—TECHNETIUM (Tc) 
Te? Ty=52+3d | Tentative mass assignment. |J. E. Edwards, M. 


K, Mo X-rays 
y 0.84, 0.25 [abs.] 
e 0.185 {abs.] 
Could belong to Te”, q.r. 


Tc® Mass assignment 
7T3=4.3d (103 h) 
K mainly, Mo X-rays 


8 0.64 [abs. Al and Pb] 
| + 0.92 “ “ “ “& 
| Produced by Mo p; Mo d; 
| Cha 


7T3=104h (4.33 d) 
|K-capture verified by 
X-rays. 

15 kev Auger electron 


| Produced by Mod and Mo p.|L. Pool, Phys. Rev. 
| 72, 384 (1947) 


| 
| 
| 


| Based on X-ray analysis and | 
| methods of production. 


Produced by Mo p. (Probably | P. C. Gugelot, O. 
To.) t | Huber, M. Medicus, 
|P. Preiswerk, P. 
Scherrer, R. Steffen, 
Helv. Phys. Acta 19, 
418 (1947) 








+ Compilers’ comment 





NUCLEONICS - May, 1948 


135 


ene teen sancti “ 















































43—Technetium (Tc) 
44—RUTHENIUM (Ru) 
Atom or , | : . : 
Molecule Information Remarks | Reference 
Te? | Ty=93+5d Chemical identification accom- | E. E. Motta, G. E 
| K,e7, ¥ plished with 6.0 h Te tracer. Boyd, A. R. Brosi 
Probably X-rays Phys. Rev. 71, 210 
Grows from 3 d Ru” (1947) 
T=95+5d | Interpretation of data requires J. E. Edwards, M 
1.T. Te X-rays existence of another long-lived | L. Pool, Phys. R: 
|e 0.087 [abs.] Te”. Produced by Mod and 72, 384 (1947) 
See also Tc® Mo p. 
Tc’ | Ty=52 m Produced by Mo p. 8h, 36h,/ P. C. Gugelot, et al., 
B* (?) 2.5 [abs.] |60d, and 90d activities also | Helv. Phys. Acta 19, 
7 2.5 noted after bombardment. 418 (1947) 
Probably follows K-capture | 
44—RUTHENIUM (Ru) 
Relative abundance i H. Ewald, Zeits. f. 
Ru* 5.68+3% Physik 122, 487 
Ru 2.22+4% (1944) 
Ru”? 12.81+1.5% 
Ru! 12.70+1.5% 
Ru! 16.98 +1.5% 
Ru'@ 31.34+1.5% 
Ru! 18.27+1.5% 
Ru” Ty=2.8+0.3 d W. H. Sullivan, N 
K-capture R. Sleight, E. M. 
y 0.22 | Gladrow, Phys. Rev. 
le ~0.2 | 70, 778 (1946) 
X-ray 0.0183 
Ru! Ty=41+1d E. Bohr, N. Hole, 
8 0.75+0.07 [abs. Al] Arkiv Mat. Astron. 
y 04+0.05  [abs. Pb] Fysik 328A, No. 15 
(1945) 
T,=37d | W. E. Grummitt, G. 
B- 0.25 |W ilkinson, Nature 
158, 163 (1946) 
| 
Ru'® T1=44A+0.1 h | E. Bohr, N. Hole, 
|B 1.3+0.1 fabs. Al] | Arkiv Mat. Astron. 
y 0.7+0.07 [abs. Pb] | Fysik 32A, No. 15 
| (1945) 
Ruo™® T,=290d | W. E. Grummitt, G. 


| Wilkinson, Nature 
' 158, 163 (1946) 
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45—RHODIUM (Rh) 











| 
| 








Atom or | Information 
Molecule 
Rh!@ | Ty=215+10d 
8- 1.04+0.08 
8* 1.13+0.08 
8-:Bt=1 [cl. ch.] 
| Produced by 
Rh'® (n, 2n); E,=fast 
Rh! | No excitation with 0.390 
| Mev X-rays 
| 
S 
| Eo=1.30 ev 
| oo > 2500 
| r'/2<0.13 ev 
E)=1.28 ev 
o> 1550 
Evidence for rise in oq for 
E,>30 ev 
Rh'®° 7T,=48+5m 
ts A 
Produced by 
Rh'® (n, n); Ena=3 
7,=53+3 m 
y 0.019 + 0.003 [abs. Al& Cu] 
Produced by 
Rh"™ (n, n) 
e~ 0.034 [spect.] 
y 0.020-0.023 
mostly K X-ray 
| 54m activity observed in 
decay of 17 d Pd’ 
Rh'™ | Ty=41.8 


| 8- 2.6 [spect.] 





Remarks 


Crystal spect. 


Crystal spect. 
olution to determine 
Wigner constants. 


Breit 


K or L conversion. 


From abs. in Al, Cu, Mo, Ag, 


Au. 


Kurie plot. 


Insufficient res- 


| 
| 


Reference 

|N. Hole, Arkiv Mat. 

Fysik 324A, 
No. 3 (1945); 34B, 

| No. 5 (1947) 

| 


| Astron. 


| 

| 

|S. Eklund, Arkiv 
Mat. Astron. Fysik 

| 33A, No. 14 (1946) 


|L. B. Borst, A. J. 
Ulrich, C. L. Os- 
borne, B. Has- 


brouck, Phys. Rev. 
70, 557 (1946) 


W. J. Sturm, Phys. 
- | Rev. 71, 757 (1947) 


A. Flammersfeld, Z. 
Naturforsch. 1, 3 
(1946) and WNatur- 
wiss. 32, 36 (1944) 


N. Hole, Arkiv Mat. 
Astron. Fysik 32A, 
No. 3 (1945) 


N. Hole, Arkiv Mat. 
Astron. Fysik 34B, 
No. 5 (1947) 


D. E. Matthews, M. 
L. Pool, Phys. Rev. 
72, 163 (1947) 


M. Ageno, Nuovo 
cimento 1, 415 (1943) 


N. Hole, Arkiv Mat. 
Astron. Fysik 34B, 
No. 5 (1947) 
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| 
Reference 











| M. Ageno, Nwuow 
| cimento 1, 415 (1943 


N. Hole, Arkiv Mat 
Astron. Fysik 34B, 
| No. 5 (1947) 

| 

E. Bohr, N. Hole, 
| Arkiv Mat. Astror 
| Fysik 388A, No. 15 
| (1945) 

| 

D. N. Kundu, M. 
L. Pool, Phys. R 

71, 467 (1947) 


|W. E. Grummitt 
G. Wilkinson, Na- 
ture 158, 163 (1946 











| observation that only 
X-rays emitted 


bardments of Ag with d. 


13 h activity not produced 
by Rua, confirming mass 


Pd! 13h 
assignment 
Ag'™ (t, He*®); E,.~10 
Threshold = 1.1-1.5 





| Produced by 
Ag (d, 2p); Ea=20 
| 


45—Rhodium (Rh) 
46—P ALLADIUM (Pd) 
Atom or . 
forma ihe 
Maleude Information Remarks 
Rh" 7y=4.34 m [L.T.] 
e~ 0.07 [abs. Al] 
|}y 0.08 [abs. Pb] 
Conversion coefficient 
=0.6-0.7 by B 
and e~ counting 
=0.9 by X 
and y counting 
X-ray not Ru, probably Rh 
e~ 0.0695 [spect.] K or L conversion. 
Rhi® Ty=37+1h Daughter of 4.4 h Ru. 
B- 0.78+0.07 [abs. Al] 
| y not investigated 
| 
| 
Evidence for production by | t(H*) from Be(d, 8) or Ag(d, 0). 
Rh! (¢, p); Ey~10 
RhO® T,=30s 
B- 3.3 
46—PALLADIUM (Pd) 
Pd'@17d | Produced by 
Rh d; Rh p 
i Mass assignment based on 


D. E. Matthews, M 
L. Pool, Phys. Ri 
72, 163 (1947) 


Pd! T;either very short or >25y | Activity undetected in bom- | A. C. Helmholz, 


| Phys. Rev. 70, 982 
| (1946) 


|D. N. Kundu, M. 
L. Pool, Phys. Rev. 
| 72, 101 (1947) and 





Evidence for production by t(H*) from Be(d, t) and Ag(d, 4). | 71, 467 (1947) 


|A. C. Helmholz, 
Phys. Rev. 70, 982 
|} (1946) 
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47—SILVER (Ag) 





{fom or 


whe Information 
Molecule 


Remarks 





for photo neutrons 


Ag Co; 


o,=3.82+0.09; 


o:=440+45; E,=4.8 


o,=(6.6+0.5) 


E,=14 


Refe rence 





Nuclear radius=7.8X10-" em. 
Be®. See also Phys. Rev. 
71, 739 (1947) 


see 


} 
ev Au resonance. 
coincidence of principal levels 
inAgand Au. Au level 5 to 10 


times wider. 


+(9.05+0.10) / FE} 


for E, =0.015-0.5 ev 


Approximate | 


R. Fields, et al., 
Phys. Rev. 71, 508 
(1947) 

E. Amaldi, et al., 
| Nuovo cimento 3, 
203 and 15 (1946) 


P. Demers, Can. J. 
A24, 117 


Research 


1946) 


|L. J. Rainwater, et 
| al., Phys. Rev. 71, 65 
(1947) and Phys. 
Rev. 70, 154 (1946) 


j 


| A. S. Langsdorf, Jr., 
W. Arnold, Phys. 
| Rev. 72, 167 (1947) 


Eo ol” 
§.1+0.2 300 + 50 
ee = ~24 
45 +4 ~700 
Cs E, Apparent effective cross sec- 
“44 1.44 | tions for thick scatterers and 
140 5.2 | detectors. Ag and In detec- 
| tors used to compare scattering 
at 90° from Ag with C.  o,(C) 
| =4.6. 
. 


Ag'® 24.5m | Produced by 


Ag (d,t); Eag=10 


7a Thick target yield 
(a, 2n)/(a,n)~1; Eq 


38 s and 41 s activities 
| Produced by 
Ag (n,n); E,=3 


Agio7* 
| 93 kev y activity 


o(y, n) 0.03; E,=17. 


9 
- 


Li p photons. 


If 6.7 h In is to be assigned to 
=20 mass 109. 


| 
| 


| Mass assignment for 44.3 s,| From bombardment with slow 


}neutrons of samples enriched 
| in Cd? and Cd? 


D. N. Kundu, M. L. 
Pool, Phys. Rev. 71, 
140 (1947) 
| 
|O. Hirzel, H. Waf- 
fler, Helv. Phys. Acta 
|} 19, 214 (1946) 


H. L. Bradt, D. J. 
Tendam, Phys. Rev. 
72, 527 (1947) 


A. Flammersfeld, 





Naturwiss. 32, 36 
(1944) 
A. C. Helmholz, 


Phys. Rev. 70, 982 
| (1946) 








NUCLEONICS - May, 1948 


139 








471—Silver (Ag) 








Atom or 
Molk cule 


Information 


Remarks 


Reference 





A gio7® 


Ag’ 2.4 m 


7109 


Ag 


Ag'®® (y,n) 


Ag! (t,He*)-| Evidence for reaction 


Pd?! 


r” gio* 


Ag! 24s 


Ag" 225 d 


Ti=44.3+0.2 8 Daughter of 6.7 h Cd. I 


| y 0.0939 + 0.0002 


| 
| 
| 
| 
| 
| 


| Conversion coefficients Y measurements with cali- 
j a N._/(Ne- +N) =0.94 brated G-M tubes, e~ with 
jax/ay=0.92 + 0.06 spect. 
|ak/(ayt+ay) =6.0+1.0 

Mass assignment confirmed | From neutron irradiation of 


isotopically enriched samples. 


Thick target yield 


(a, 2n)/(a, n) ~1; Eg =20 


E,=17.2 


a(y,n) ~0.03; 


| | 

|¢ produced by 10 Mev d's in- 

| Threshold = 1.1-1.5 |cident upon Be foils in front | 
| 

| of Ag target. 

Mass assignment for 40.4 s, | From bombardment of samples 

Cd'® Cd 


| with slow neutrons. 


87 kev y activity }enriched in and 


T;=39.2+0.3 s 

| y 0.0890 + 0.0005 

| ° >» 

| Conversion coefficients: 


| Daughter of 330 d Cd. 


|a=N,./(Ne+N,) =0.95 
ak/ar=1.01 +0.06 
(aytan) =6.1+1.0 


| 
QK 


Mass assignment confirmed | See Ag!®8. 


| 
| 
| 
| 


Cd filtered n’s activating both 
| 22 s Ag"® and 225 d activities 
| were strongly absorbed in Ag 
| and Au. This is not the case 
| for neutrons producing 2.3 m 

Ag'8, 


Mass assignment 
j £ 


| B- 0.59+0.05 Thin magnetic lens spectrom- 


H. Bradt, P. c 


| Gugelot, O. Huber 


M. Medicus, P 
Preiswerk, R. Stef 
fen, Helv. Phys Acta 
20, 153 (1947 
19, 218 (194¢€) 


A. Flammersfeld, 0 


Bruna, Natur 
32, 70 (1944) 


H. L. Bradt, D. J 
Tendam, Phys. R 
72, 527 (1947) 


O. Hirzel, H. Wii 
fler, Helv. Phys. Acta 
19, 214 (1946) 


D. N. Kundu, M 
L. Pool, Phys. Re 
72, 101 (1947) 


A. C. Helmholz 
Phys. Rev. 70, 9s2 
(1946) 


H. Bradt, et al 
Helv. Phys. Acta 20, 
153 (1947) and 19, 
218 (1946) 


A. Flammersfeld, 0 
Burna. See Ag'® 


M. Goldhaber, Phys 
Rev. 70, 89 (1946) 


W. Rall, R. G. Wil- 





Y Relative intensi'y | eter. y energies +2%. kinson, Phys. Rev. 
0.66(conv.) ~44 7 71, 321 (1947) 
0.90 ~AT 
1.40 ~ 9 











May, 1948 - NUCLEONICS 














ld, O 
— 


46 





47—Silver (Ag) 


48—CADMIUM (Cd) 





{fom or 


Molee 


Information 
ULeé 


Ac'9 295d 
gration 
8~ complex 
No K X-rays 
y 0.9, resolved into 2 com- 
ponents separated by 0.06 
1.5, may also be complex 
E,< 1.63 [Be(y, n) thresh- 
old]; no photo n's 


Produced by Cd!" (y, p) 


Evidence for production by 


m) 


Ag' (1, p 


K-capture <3% of disinte- | 


| Remarks 


Refe rence 





| >50% abs. by 2 mg Al/em?. 


Li p photons used 


Ty confirmed. 


M. Deutsch, Phys. 
Rev. 72, 527 (1947) 


A. Wattenberg, 


Phys. Rev. T1, 497 
(1947) 

©. Hirzel, H. Wif- 
fler, Helv. Phys. 


Acta 19, 214 (1946) 


D. N. Kundu, M. 
L. Pool, Phys. Rev. 
71, 467 (1947) 


W. E. Grummitt, 
G. Wilkinson, Na- 
ture 158, 163 (1946) 





48—CADMIUM (Cd) 








Cd No excitation with 0.39 


Mev X-rays 


o; for photo n's 


o,=4.25+0.07; 


E,=14 


Eo =0.176 +0.002 ev 
r 0.115+0.002 ev 
oo =7.200+ 200 

o, =5.3+0.7 


o; for E,=0.015-15 ev 
E,=0.180 ev 
ir =0.122 ev 
| oo = 7,800 

o, =6.0 


Cac(2 m) = 0.05 per atom Cd 


| Nuclear radius=8X23X 107% 
jem. See Be* for method. See 


jalso Phys. Rev. 71, 739 (1947) 


| Results with redesigned Col- 
|umbia neutron velocity spec- 


| trometer. 


Crystal spectrometer. 





S. Eklund, Arkiv 
Mat. Astron. Fysik 
33A, No. 14 (1946) 


|R. Fields, et al., 
Phys. Rev. 71, 508 
(1947) 


E. Amaldi, et al., 
Nuovo cimento 3, 
203 and 15 (1946) 


L. J. Rainwater, et 
al., Phys. Rev. 71, 
65 (1947). See also 
Phys. Rev. 70, 136 
| (1946) 


W. H. Zinn, Phys. 
Rev. 71, 752 (1947) 


| L. Seren, et al., Phys. 
| Rev. 71, 409 (1947) 
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48—Cadmium (Cd) 








Atom or 


Molecule 


Cd!’ 6.7 h 


Information 


Mass assignment 


Produced by Sbd, E,=200 


cae T,=330 d 





} 


| 


| Mass assignment 


Cd™ (y, p) | o(y, p) 0.001; E,=17.2 


| 
| 


Cd™ (y, p) 





| =0.03 

Cd" (y, p) | o[Cd™(y, p)]/o[(Cd™(y, n)} 

= 0.045 

Cds Responsible for large ther- 
mal o, 

Ca" Cac(2.5 d)=1.1 
| Fae(43 d) =0.14 

Cd" (y, n) | See Cd™(y,p) 





Cd'5 | Mass assignment 
| 73=43+43 d 
| 8~ 1.5 [abs. Alj 
|y 0.5 [abs. Pb] 
1 y per 8 
Produced by 
Cd (n, y) and In (n, p) 


a[Cd" (y, p)]/a[Cd™ (y, n)] | 


Remarks 


Reference 





From neutron bombardment of | 


|Cd samples enriched in Cd!® 
and Cd!%, 
| 


New determination. Old value 


was 158 d. 


| From slow n bombardment (see 

| Cd") and relative yields of 

16.7h and 158d Cd's from 
Aga for Eg=40. Activity des- 

| ignated 158 d. (See above). 

| 

Li p photons. 

| 


From neutron absorption meas- 
| ° . ° 
|}urements in Cd solutions en- 
riched in different isotopes. 


From mass spectrographic ob- 
| servation of decrease of relative 
| abundance of Cd" after irradi- 
| ation. 


Equal saturated activity of 
43 d and 2.5 d Cd from In (n, p) 
leads to assignment. 








A. C. Helmholz, 
Phys. Rev. 70, 982 
(1946) 


B. B. Cunningham. 
et al., Phys. Rev. 72, 
739 (1947) 


H. Bradt, Hel 
Phys. Acta 19, 218 
(1946) 


A. C. Helmholz. See 
Cd 


O. Hirzel, H. Waiit- 
fler, Helv. Phys. Acta 
19, 214 (1946) 


O. Hirzel, H. Waf- 
fler, Helv. Phys. Acta 
19, 425 (1946) 


B. J. Moyer, B. 
Peters, F.H 
Schmidt, Phys. Re 
69, 666 and 70, 446 
(1946) 


A. J. Dempster, 
Phys. Rev. 71, 829 
and 144 (1947) 


L. Seren, D. Engel- 
kemeir, W. Sturm, 
H. N. Friedlander, 
S. Turkel, Phys. 
Rev. 71, 409 (1947) 


L. Seren, etal., Phys. 
Rev. 71, 409 (1947) 
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Cd 


In 


In 








72, 


W iif 


gel 
urm™ 
\der, 
»hys 
947) 


»*hys. 
947) 


4ICS 


48—Cadmium (Cd) 
49—INDIUM (In) 





Atom or 


























Information Remarks Reference 
Mo lecule } 
, Cqus T? 1 | Produced by B. B. Cunningham, 
Sb d, Eqg=200 et al., Phys. Rev. 72, 
739 (1947) 
Cdl a-(3.75 h) =1.4; E,=th L. Seren, et al., Phys. 
Rev. 71, 409 (1947) 
Cd" (y, n) | a(y, n) 0.03; By=17.2 | Li(p, y) photons. ©. Hirzel, H. Wif- 
fler, Helv. Phys. Acta 
19, 214 (1946) 
49—INDIUM (In) 
In o,=191, E,=0.025 ev Used 12 channel slow neutron |B. D. McDaniel, 
velocity spectrometer at Cor- | Phys. Rev. 70, 832 
Eo (ev) I (ev) a nell. |‘ (1946) 
1.44+0.03 0.085+0.01 26,400 | 
3.7 > 220 
9.0 >67 
E> (ev) ool? ol |W. W. Havens, Jr., 
1.444002 ~210 let. al., Phys. Rev. 
38 +0.2 ~120 71, 165 (1947); also 
8.6 +0.4 ~ 300 | Ww. W. Havens, Sr., 
L. J. Rainwater 70, 
| 154 (1946) 
Cs E,, (ev) A. 8S. Langsdorf, W. 
| 60 "5.2 oe Arnold, Phys. Rev. 
120 1.44 72, 167 (1947) 
No excitation with 0.390 S. Eklund, Arkiv 
Mev X-rays Mat. Astron. Fysik 
33A, No. 14, 143 
(1946) 
[n {109 7T1;=6.5 h Mass assignment tentative.| D. J. Tendam, H. 


K 
| Bt~2 (few %) 
Produced by 
2n); 


| Ag(a, threshold ~ 


Produced by 
n); 


In™° 66 m 


Ag(a, E,=20 


Produced by 
Ag(a, 2n); E,=20 


In™ 2.7 d | 
i 
| 
Threshold = 15+0.5 


Growth of 330 d Cd! not ob- 
served. 


Excitation function same 
for 23 m activity. 


as 


Excitation function quite dif- 
ferent from that for 66 m and 
23 m activities. 





L. Bradt, Phys. Rev. 
72, 527 (1947) 


D. J. Tendam, H. 
L. poy Phys. Rev. 
72, (1947) 
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49—Indium 





(In) 


50—TIN (Sn) 





Atom or 
Molecule 





In! 23 m 


In™ 


In" 54m 








Information Remarks Reference 

} 

| Produced by See In"®, |D. J. Tendam, H. 
Ag(a,n); E,g=20 | L. Bradt, Phys. Reo. 


| 70, 527 (1947) 


| 
| 
| 
} | 


Ey =1.39 ev Crystal spectrometer. |L. B. Borst, A. J. 
oo > 15,000 | Ulrich, C. L. Os- 
r/2 <0. 15 ev | borne, B. Has- 


| 


| brouck, Phys. R. 
| 70, 557 (1946) 


1-10% of y's above |A. Wattenberg, 
Be (y,n) threshold | Phys. Rev. 71, 497 


<1% of y's above | | (1947) 
D (y, n) threshold 


7, = 54.05 +0.16 m Using a Geiger counter method} A. C. Graves, R 
| which is independent of count-| L. Walker, Phys 
| ing losses. | Rev. 71, 1 (1947) 


} 





50—TIN (Sn 


) 





Sn 





Sn (d,n) 


7 9 
Snt33? 


Sn > 120 


|o,=4.52+0.09; E,=14 Nuclear radius = 8.50107 | E. Amaldi, et al., 
em. See Be® for method. See| Nuovo cimento 3, 
also Phys. Rev. 71, 739 (1947). | 203 and 15 (1946 


o; for photo n's |R. Fields, et al., 
| Phys. Rev. 71, 50s 

(1947) 
No excitation with 0.390 |S. Eklund, <Arki 
Mev X-rays | Mat. Astron. Fysil 
33A, No. 14, 43 

| | (1946) 


| 
Angular distribution of n’s | Agrees with theory of Serber, A. C. Helmholz, et 
with E,,>20 for Eg=120. | loc. cit. al., Phys. Rev. 72, 
Narrow collimated beam | 740 (1947) 
in forward direction ob- | | 
served | 


Ty~110d K. D. Coleman, R. 
Produced by Sn d; In Keg, Nudenberg, M. L. 
and Sn X-rays observed Pool, Phys. Rev. 72, 


164 (1947) 


Activities observed in U W. E. Grummitt, 
fission |G. Wilkinson, Na- 
Ty: 136d 175d 7.0d} ture 158, 163 (1946) 
s oe 1.8 
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Sb 


Sb" 


Sb! 


Sb! 








72, 





50—Tin (Sn) 


51—ANTIMONY (Sb) 





{fom or 

















Information Remarks Reference 
Molecule 
Sn! (y,n) | o(y, n) ~0.03; E,=17.2 | Li p photons. ) O. Hirzel, H. Waf- 
| fler, Helv. Phys. Acta 
| 19, 214 (1946) 
51— ANTIMONY (Sb) 
ch o:= (4.2+0.3)+ | W. W. Havens, Jr.. 
(0.64 +0.02) /E'; | L. J. Rainwater, 
E,,=0.015-1.0 ev Phys. Rev. 70, 154 
(1946) 
Ey (ev) ool? | Values of oy I? are significant to | Rainwater and Ha- 
5.8 +0.15 12 | a factor of 2. | vens, see above and 
| 15 +1 35 | Phys. Rev. 71, 65 
| 21 +15 35 | (1947) 
| oa; for photo n's R. Fields, et al., 
| Ph ys. Rev. 71, 5OS 
| (1947) 
o:=4.35+0.10; E,=14 Nuclear radius = 8.33 X10-"| E. Amaldi, et al., 
cm. See also Phys. Rev. 71,| Nuovo cimento 3, 


Sb! (p,pn)- 


739 (1947). 


Reaction observed for 


Sb!20 E,=16 
Spt" | Ty (0.61 Mev y) <<2X107*s 
Sb!” 2.8 d 8 1.36 [l spect.] 
1.94 ss 
y 0.57+2% [l spect.] 
int. conv. 
Sb™ 60 d B 0. 


to oOo 
ar & 


{i spect.) 
oe 


J 
to 


{? spect.] 


|-y 1.67+0.02 


Calculated 


Determined by means of de- 
|layed coincidences. See Te. 
| 


15 and 203 (1946) 


J. R. Richardson, 
B. T. Wright, Phys. 
Rev. 70, 445 (1946) 


P. Bittencourt, M. 
Goldhaber, Phys. 
Rev. 70, 780 (1946) 


L. C. Miller, L. F. 





Curtiss, Phys. Rev. 


70, 983 (1946) 


lw. Rall, R. 


G. 
Wilkinson, Phys. 
Rev. 71, 321 (1947) 


L. C. Miller, L. F. 
Curtiss, Phys. Rev. 
70, 983 (1946) 


W. Rall, R. 
Wilkinson, 


G. 
Phys. 


| Rev. 71, 321 (1947) 


from photo n’s of 


E, = 0.024 from Sb-Be source. 


A. Wattenberg, 
Phys. Rev. 71, 497 
(1947) 
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51—Antimony (Sb) 
52—TELLURIUM (Te) 





Atom or | 


Molecule | Information Remarks 





Sb! 60 d | sp'24_50% 50% | Eg found by Al abs. of §’s and 

8-y coincidences. EF, found by 

BO? Al abs. of recoils from y-y coin- 

cidences and Pb abs. of B-y 
coincidences. 





See also Phys. Rev. 72, 164 
(1947) 





7, =several years 
B- 0.56 


Sb> Ty=28d 
i}8 1.86 


Sb"? T,1=95h 
B- 08 


T3=39 h No X-ray period >39h found 
K | in Sb. 

K,, line of Sn observed 

Produced by Sn d, Sn p 


Ty=24h 
X-ray activity 
Produced by Sn d, Sn p 


Reference 
|\W. E. Meyerhof, G 
Schar ff-Goldhaber 
Phys. Rev. 72, 
(1947) 





| 
| 


W. E. Grummitt 
G. Wilkinson, Na- 
ture 168, 163 (1946 


IK. D. Coleman, et 
|al., Phys. Rev. 72, 
| 164 (1947) 


K. D. Coleman, et 
al., Phys. Rev. 72, 
164 (1947) 











52—TELLURIUM (Te) 


Relative abundance in %|! Isotopes 131, 129, 127, 121 
Te! 0.09 <5X10-°Xabundance of 130. 
Te 2.43 Accuracy = +1%. 

Te'™ 0.85 

Te!# 4.59 
Te™ 6.98 
Te'!* 18.70 

Te 31.85 | 
Te! 34.51 | 


Te Ty=17+1d Apparently daughter of 143d 
K, Sb X-rays activity. 
y 0.61 
Produced by Sb (d, 2n) and 
Sb (p, n) | 





D. Williams, P. 


| Yuster, Phys. Rev. 


69, 556 (1946) 


Edwards and Pool. 
See Te!” 





May, 1948 - NUCLEONICS 








ool. 


ics 





52—Tellurium (Te) 





| Remarks 


Reference 














Atom or I . 
nformation 
Molecule | . 
Tel! Decay scheme 
te'?'* 143d 
| 5110°*, fr0.08." 
§ 10.225 
Te’?! 17d__ 4 
K 
’ Lat 
70.61 
$p'2! 


| 
| Ty=143+5d 
| -y 0.223, e~ 


Te and Sb X-rays 
Ty= (542) X10 s 


y 0.225 


Te!.'* 30d | vy 0.61 [1 spect.] 


| .017 e~ observed. Coincidences 
| between these e~ and 0.225 
Mev 7 and between Te X-rays 
and 0.225 Mev y. Isomeric 
chemical separation using tran- 
sition from telluric to tellurous 
acid. Tellurous fraction shows 
only 0.61 Mev y with ~16d 
period. 


Produced by Sb (d, 2n) and 
Sb (p, n). (See decay scheme 
above.)t 


(See decay scheme above.) t 





8. B. Burson, P. T. 
Bittencourt, R. B. 
Duffield, M. Gold- 
| haber, Phys. Rev. 
70, 566 (1946). Also 
| Bittencourt and 
|Goldhaber. See 
Te!2!° 


J. E. Edwards, M. 
L. Pool, Phys. Rev. 
69, 140 (1946) 


P. T. Bittencourt, 
M. Goldhaber, Phys. 
Rev. 70, 780 (1946) 


W. Rall, R. G. Wil- 
kinson, Phys. Rev. 
71, 321 (1947) 








Te! | T43=1,200+ 400 us Delayed coincidence measure- | O. Hirzel, P. Stoll, 
ment on 60 d Sb™. H. Wiffler, Helv. 
Phys. Acta 20, 241 
(1947) 
Te! | T3=9.3 h | W. E. Grummitt, 
B- 0.77 G. Wilkinson, Na- 
| ture, 158, 163 (1946) 
Sal T,=90d et 
Lke 
| 
Te Ti=72m W. E. Grummitt, 
|B 1.5 G. Wilkinson. See 
Te!’ above 
Te!29” Ti=32d ~* 2s 4 
LT. + Compilers’ comment 
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52—Telluri 





um (Te) 


53—IODINE (1) 





Atom or 


Molecule 


Te! (d, 2n) 
[80 

Te! (d, n)- 
ps 





Te’ 





Information Remarks Reference 
-| Thick target yield =32 rd/ | E. T. Clarke, J. W 
wah; Eg=14 | Irvine, Jr., Ph 
Thick target yield =3.2 rd/ | Rev. 70, 893 (194¢ 


wah; Ey=14 


| 





7T;=200 d See iodine below. Sign of 8 not A. F. Beid, A. 8 
8~1.6 determined. Activity found Keston, Phys. R 
No y | after bombardment of Te with | 70, 987 (1946) 

14.5 Mev d’s. | 











53—IODINE (I) 








1°) 56 d 


[27 





Ty=~56 d | Assignment to I'* suggested. |A. F. Reid, A. S. 


K (~97%) | Keston, Phys. Re 
|B ~0.1 (~3%) [abs. Al] | 70, 987 (1946) 
| Te K, X-rays | 
| Produced by 
| Ted; Ey=14.5 





| Activity pure K capture | Several arguments for assign- | L. E. Glendenin, R. 
Te K, X-rays. No y>0.03 | ment to I™ given. R. Edwards, Phys. 
Yield + 15uc/yah by Te d; | Rev. T1, 742 (1947 

Eq=14 } 
| 

| , — , 

| o,=(3.8+0.2)+ Crystal interference effects at |C. S. Wu, et al., 

(1.12+0.05) /F}; jlow energies. Indications of | Phys. Rev. 71, 174 

E,=0.04-3 ev | weak levels near 80, 200, and | (1947) 
600 ev. 

Ey(ev) ool” 

| 20.6 +0.4 ~4 

| 32 +2 ~135 

42 +2 ~135 


o, for E,=0.0026—1.000 ev | Used 12 channel slow neutron |W. B. Jones, Jr., 
o:=3.6+1.06/ F}; | velocity spectrometer at Cor- | Phys. Rev. 72, 362 


E,, = 0.0026-0.3 ev | nell. (1947) 
o;=10.3; E,=0.025 ev 





Ey(ev) a I'(ev) | 


20.3+0.5  80(>40) 0.45(<0.8) 





| 
| 
| 
| 
| 
| 


| ool? = 15 | 

At least 3 resonances for | Possible resonance(s) for | 

E,= 25-50 ev E,, =85 ev. | 
q<0 From rotation spectra of CH3I |W. Gordy, et al., 


| (1947). Also Phys. 


Rev. 71, 917 (1947) 


Spin = 5/2 j}and ICN. | Phys. Rev. 72, 259 
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i. 


TP 












































53—lodine (1) 
Atom or Information Remarks Reference 
Molecule | 
p38 25 m j!2e 93% 7% Magnetic lens spectrometer.| K. Siegbahn, N. 
’ y's per 8 from comparison with | Hole, Phys. Rev. 70, 
| Au. 133 (1946) 
tf 
82.02 B159 
| 
R 
- = 
2 70.428 
— xe '28 
= [29 T; quite long L. Yaffe, C. E. 
P Mackintosh, Can. 
, J. Research 25B, 
371 (1947) 
| Gac(12.6 h) ~8; pile n's From 12.6 h I formed by |S. Katcoff, Phys. 
} neutron bombardment of fis- | Rev. 71, 826 (1947) 
sion I. Probably correct within 
,R factor of 10. 
} 
7 P 
ti [°126h | Yield by Ted750 ue/pah; | L. E. Glendenin, R 
| Eqg=14 R. Edwards, Phys. 
| Rev. T1, 742 (1947) 
at | 
174 y's Ty=8.1d | W. E. Grummitt, G. 
8 0.6 Wilkinson, Nature 
158, 163 (1946) 
| Fission yields: From comparison with Ba"®,| L. Yaffe, C. E. 
2.23+0.11%, U%, q. 2. | Mackintosh. See 
E,=th | (= 
2.27+0.11%, U™, 
E,,= fast 
Jr 
362 - T3=2.3h W. E. Grummitt, G. 
| 8- 1.35 Wilkinson. See I'* 
[4 54 m Mass assignment L. Yaffe, C. E. 
Fission yield: From comparison with Ba", | Mackintosh. See 
| 5.75%, U™, E,=th q.v. Two different values for | I'** 
fast fission yield in U™® given. 
p37 23s delayed n's assigned| Element definite from chemi-| A. H. Snell, J. S. 
here cal isolation. Isotope probable. | Levinger, E. P. 
Meiners, Jr., M. B. 
al. |Sampson, R. G. 
209 | Wilkinson, Phys. 
*hys Rev. 72, 545 (1947) 
947 ‘ 
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54—XENON (Xe) 



































55—CESIUM (Cs) 
eed Information Remarks Reference 
I. Relative II. Absolute | I. From mass spectroscopy. I. H. G. Thode, R. 
fission fission L. Graham, Can. J. 
yields yields Research A265, 1 
Xela 13.73 +0.04 2.23) % | (1947) 
Xel® 20.37 + 0.05 3.31 
Xel* 36.04 + 0.04 5.85 II. From data of I, and deter- | IJ. L. Yaffe, C. E 
Xe!* 29.86 + 0.09 4.85 mination of yield of I. | Mackintosh, Can. J. 
| Research B26, 371 
(1947) 
Relative abundance in % 
I II I. Consolidated Engineering | J. V. H. Dibeler, e 
Xel™ 0.102+0.009 0.095+0.001 | mass spect. Electron bombard- | al., Bur. Stan. J. 
Xel% 0.098 +0.003 0.088 +0.001 | ment. Research 38, 617 
Xe! 1.93+0.01 1.917 +0.006 | | (1947) 
Xe!29 26.51+0.02 26.240+0.080 
Xe” 3.68+0.04  4.053+0.005 
Xe'dl 21.04+0.09 21.240+0.030/ IT. Average of 6 runs on 180°| JJ. M. Lounsbury 
Xel® 27.12+0.07 26.930+0.020 | deflection Nier type mass spec- | et al., Phys. Rev. 72, 
Xe!* 10.54+0.05 10.520+0.020 | trometer. | 517 (1947) 
ae 8.98+0.03 8.930+0.030 
55—CESIUM (Cs) 
Cs!3t Ty=10+3d Daughter of 11.7 d Ba™. F. Yu, O. Gideon, 
K J. D. Kurbatov, 
vy 0.145+0.01 (97% conv.) Phys. Rev. 71, 382 
X-rays 0.412 A.U. (1947) 
Cs42y No angular correlation of E. L. Brady, M. 





successive y rays. 











cs'34 
8B 0645+t 02 
~95% 
7 0.584 + O12 
71.35 
2.03 
7 0.7762.015 
Bo™* 





Unusual proportion of very 
soft 8’s in spectrum 





+ Compilers’ comment 


Magnetic spectrometer and co- | K. 
incidence techniques. 
of successive y’s not specified. 
For later information, see also 
L. G. Elliott and R. E. Bell, 
Phys. Rev. 72, 979 (1947).]t 


Deutsch, Phys. Rev. 
72, 870 (1647) 


Siegbahn, M. 
Deutsch, Phys. Rev. 
71, 483 (1947) 


{Order 


M. Deutsch, Am. 
Phys. Soc., N.Y. 
meeting, Jan. 1947 
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55—Cesium (Cs) 
56—BARIUM (Ba) 
Molecule | Information Remarks Reference 
Ca” Ty=3.15+0.2 h H. Slitis, Arkiv 
8- 2.4+0.5 [abs. Al] | Mat. Astron. Fysik 
ly 0.7 [abs. Pb] | 382A, No. 16 (1945) 
C(t) T;~100y W. E. Grummitt, 
|8- 0.8 G. Wilkinson, Na- 
ture 158, 163 (1946) 
Csi Ti=20d “ “ “ 
56—BARIUM (Ba) 
( Ba a=0.79 From interference experiments. | E. Fermi, L. Mar- 
J o,=8. 4ma*A?/(A+1)?=7.7 shall, Phys. Rev. 71, 
61 666 (1947) 
Ba! T3=11.740.3d Electrons, but no positrons, | F. Yu, et al., Phys. 
K observed in cloud chamber. | Rev. 71, 382 (1947) 
wid y 0.22+0.01 1.7 y may not belong to this 
: 0.50+:0.015 (strongest) activity. 
1.7 +0.1 (weak) 
— Evidence for X-rays 
Produced by Ba (n,-y) and 
Ba (d, p) 
eon 
tov Ba! 7,;=86m W. E. Grummitt, 
382 B- 2.2 G. Wilkinson, Na- 
Fission yields: ture 158, 163 (1946) 
6.1%, U*®, E,=th Values based on ¢a-/oy=2/3| and W. E. Grum- 
M. 5.1%, U*8, E,=fast in natural U. mitt, J. Gueron, G. 
i Wilkinson, L. Yaffe, 
Can. J. Research 
B25, 364 (1947) 
M. 
Re Bal? Ty=12.7d i Rie 
B- 0.92 
Fission yields: " . 
5.6%, U™, En=th 
4.2%, U**, E,,=fast 
8~ 1.05+0.05 [I spect.] W. Rall, R. G. Wil- 
y 0.54, e~ « kinson, Phys. Rev. 
71, 321 (1947) 
B- 1.03 (50%) L. G. Elliott quoted 
0.500 (25% by W. E. Grummitt, 
0.34 (25%) J. Gueron, G. Wil- 
Am. kinson, L. Yaffe, 
w.Y. Can. J. Research 
1947 A265, 357 (1947) 
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57—LANTHANUM (La) 
58—CERIUM (Ce) 








Atom or 
Molecule 





Information 


Lal 


La'9 


0.089 + 0.001 
97.911 +0.001 


Gac(40 hh) >7; E,=th 


| 
| 
Lalo 7T,=40 h 

8 1.4 | 
Fission yield =5.8% (U™) | 


T;\=39-42 h 
8B 1.65 [abs. Al] 


7, =39.5+0.5 h 
8B 1.3, complex [abs. Al] 
y~0.9, several components | 


7T,=43.7+0.5 h 
8 1.5 

y~™~1.82, several 
[abs. Pb] 


compon- 
ents 





I II 
Relative Relative | 
intensity E, intensity 
0.335 2 
0.49 5 
0.87 10 
1.65 77 
2.3 6 





Ey 
0.335 1 
0.49 10 
0.83 20 
1.63 100 

~2.3 5 








B- 1.96 
y 2.0+0.10 [coincid. abs.] 
0.3 


y 2.49+0.07 








Remarks 


| Reference 








Relative abundance in %| New isotope at mass 138. 
Used hot ion source which has 


M. G. Inghram, R 
J. Hayden, D 





different emission characteris- | Hess, Jr., Phys. R: 


| tics for different elements. 


Based on assumption 


@ac(Ho 27 h) =o,4(Ho) = 49. 


I, II. Thin magnetic 
spectrometer used. 


-y coincidences found. 


that 


lens 


| 
| Calculated from photo n’s of 


E,=0.62 from La-Be source 
and E,, =0.13 from La-D source. 
La-D and Ga-D sources have 


|; Same En. 


| 72, 349 (1947) 
W. Bothe, Z. Natur- 
forsch. 1, 179 (1946 


W. E. Grummitt, 
G. Wilkinson, Na- 
ture 158, 163 (1946) 


W. Maurer, Natur- 
wiss. $2, 224 (1946 


WwW. Bothe. 
Lal’? 


See 


K. Philipp, J. Ried- 
hammer, Z. Natur- 
forsch. 4. 372 (1946 


[1. L. C. Miller, L. 
| F. Curtiss, Phys. 
Rev. 70, 983 (1946) 


II. W. Rall, R. G. 
Wilkinson, Phys. 
Rev. 71, 321 (1947) 


A. C. G. Mitchell, 
L. M. Langer, L. J. 
Brown, Phys. Rev. 
71, 140 (1947) 


A. Wattenberg, 
Phys. Rev. 71, 497 
(1947) 








58—CERIUM (Ce) 





Ce™® 140d Decays by K-capture 
Mass assignment from iden- 
tification of La K, X-ray 


line 


(Presently assigned to Ce! 


1.T.)T 


+t Compilers’ comment 


D. E. Matthews, 
M. L. Pool, Phys. 
Rev. 72, 163 (1947) 








152 


May, 1948 - NUCLEONICS 








Ce 


Ce 


Pr! 


Pr! 


NL 








2, 
(97 


vs, 
ys. 
‘) 


CS 











58—Cerium (Ce) 





























59—PRASEODYNIUM (Pr) 
| | 
Atom or Information Remarks Reference 
Molecule | 
Ce Cac (30 d)>0.45; E,=th Calculated from author’s data | W. Bothe, Z. Natur- 
for atomic cross section. forsch. 1, 179 (1946) 
Ce | 7Ty=18d W. E. Grummitt, 
G. Wilkinson, Na- 
| ture 168, 163 (1946) 
T,3=30+2d W. Bothe. See Ce'° 
8- 0.4 [abs. Al] 
y present 
Cel® Sac (33 h)=1.1; E,=th See Cel. ” ” * 
Ce | Ty=33+2h “mm 
|8- 1.3 [abs. Al] 
iy? | 
Cel Ty=290d Grummitt, Wilkin- 
8- 0.4 | |son. See Ce“ 
| | 
Ce’? 1lm | Produced in U fission H. Gétte, Z. Natur- 
| y soft or absent | forsch. 1, 377 (1946) 
| Decays to 25 m Pr 
59—PRASEODYNIUM (Pr) 
Pri! Cac (19 hh) = 13; En=th See La™®. | W. Bothe, Z. Natur- 
| forsch. 1, 179 (1946) 
prisi® Short lived excited state Delayed coincidence measure- | O. Hirzel, P. Stoll, 


7,;=70+20 us 


Pr#19.3h | <1% 7's above Be (y, n) 


threshold 


| Ty=19.2+0.3 h 
8 2 [abs. Al] 
| y or K X-ray weak or absent 


Pr'# 


| 7y=12.5+1d 
8- 0.9 [abs. Al] 
7? 
Pri# T3}=17m 
8 2.5 


Pr 25 m Daughter of 11 m Ce 


Hard y 





| 





ment on 30 d Ce'!. 
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cance 


H. Wiffler, Helv. 
| Phys. Acta 20, 241 
| (1947) 
|A. Wattenberg, 
| Phys. Rev. 71, 497 
| (1947) 
| 


| 
| 
W. Bothe. 
| 


See Pri 
| 
} 
| Grummitt, Wilkin- 


|} son. See Ce“ 


| H. Gétte, Z. Natur- 
forsch. 1, 377 (1946) . 
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Ey<100 


R,=1.12+0.03 cm 

3.90 + 0.08 cm 
Intensity of latter group 
1.4% of main group in- 








tensity 





Mev betatron. 


Photographic plate technique. 
Long range a’s may be Po con- 
tamination. Range of main 
group in agreement with ac- 





cepted value of 1.12 cm. 


60—NEODYMIUM (Nd) 
61 
62—SAMARIUM (Sm) 
At ’ 
M clecule Information Remarks Reference 
Nd o; for E,=0.06-5 ev Crystal spectrometer. W. J. Sturm, J. P. 
Arnold, Phys. Rev 
71, 556 (1947) 
Ndi# Gac(11 d)=1.5; E,=th Calculated from author’s data | W. Bothe, Z. Natur- 
for atomic cross section. See | fersch. 1, 179 (1946) 
La"®, 
Naan Ty=11.140.2d (Probably Nd™7.)¢ « “ “ 
B- 0.8 [abs. Al] 
y ? 
Nd“48) Oac(2 hh) =2.4; E,=th See Nd, " - be 
Gac(47 h 61) =3.1; E,=th 
Nd@49) T,;=120+3m(2.00+0.05h) | (Probably Nd™*.)¢ ss # 
8 1.6 [abs. Al] 
y ? 
61 
617 3.7y Sac (5.3 d) ~60; E,=th G. W. Parker, P. 
6148 5.3d Mass spectrographic assign- M. Lantz, M. G. In- 
ment ghram, D. C. Hess, 
B- 2.5 [abs.] R. J. Hayden, Phys. 
7 08 & Rev. 72, 85 (1947) 
61 47 h Mass spectrographic assign- | 55 h half-life observed. M. G. Inghram, D. 
: ment C. Hess, R. J. Hay- 
: den, G. W. Parker, 
Phys. Rev. 71, 743 
(1947) 
Ty=47.5+1.5h (Probably 61°.) W. Bothe, Z. Natur- 
8B 1.1 [abs.] forsch. 1, 179 (1946) 
y ? + Compilers’ comment 
62—SAMARIUM (Sm) 
Sm a (photo fission) <10~; Using General Electric 100|G. C. Baldwin, G. 


S. Klaiber, Phys. 
Rev. 71, 3 (1947) 


P. Citer, C. M. G. 
Lattes, Nature 158, 
197 (1946) 
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Se 


Sm 





in- 











62—Samarium (Sm) 

















63—EUROPIUM (Eu) 
Atom or | Information Remarks Reference 
Molecule 
Sm | o: for E,=0.04-65 ev | W. J. Sturm, Phys. 
Rev. 71, 757 (1947) 
Eo ev) o% T(ev) 
| 0.096 15,500 0.074 
10 
33 Possibly a level for E,>33. 


Sm“ > 72 d) Mass spectrographic assign- 
ment 


Sm9 | Mass spectrographic assign- 
ment of large absorber of 
slow n’s in Sm 


| 
| 


(ev) 
0.070 


E,(ev) 0 
0.096 93,000 








| 
Sm!5! ~ 20 y| Mass spectrographic assign- 
| ment 
| 
| 


Sm? | gac(46 h) =280; E,,=th 


Sm" ~ 46 h| 7}=47+1h 


|8- 0.75 [abs.] 


| Soft y-ray 


‘ : : 
Sm™* 46 h Mass spectrographic assign- 


|} ment 
] 
| 


y 0.11 [2 spect.] 


Crystal spectrometer. 


Calculated from author’s data 
for atomic cross section. See 
La, 


(Probably the same as the 
known 46 h Sm"™,)¢ 


+ Compilers’ comment 





M. G. Inghram, et 
al., Phys. Rev. 71, 
643 (1947) 


R. E. Lapp, J. R. 
Van Horn, A. J. 
Dempster, Phys. 
Rev. 71, 745 (1947) 


L. B. Borst, et al., 
Phys. Rev. 70, 557 
(1946) 


M. G. Inghram, et 
al., Phys. Rev. 71, 
643 (1947) 


W. Bothe, Z. Natur- 
forsch. 1, 179 (1946) 


R. J. Hayden, M. 
G. Inghram, Phys. 
Rev. 70, 89 (1946) 


L. C. Miller, L. F. 
Curtiss, Phys. Rev. 
70, 983 (1946) 





63—EUROPIUM (Eu) 














Eu o, for E,=0.007-0.02 ev 

o; for E,=0.02-65 ev 

E,(ev) a T'(ev) 

—0.011 5570 0.081 
0.465 >45670 0.20 
3.3 
9.2 

22 








Mechanical velocity selector. 
Crystal spectrometer. Possible 
levels for E,>22. 3.3 ev level 
probably due to Eu™. 





W. J. Sturm, Phys. 
Rev. 71, 757 (1947) 





NUCLEONICS - May, 1948 

















63—Europium (Eu) 





T 








Atom or . ’ 
po aah Information Remarks | Reference 
Eu™! Fy <0.03 ev | 9.4 h Eu™ produced by 0.03 | L. B. Borst, et a 
oo > 3,000 ev neutrons. Phys. Rev. 70, 557 
(1946) 
| Gac(9.3 h) = 1530; E,=th Calculated from author’s data | W. Bothe, Z. Natur 
| for atomic cross section. See | forsch. 1, 179 (1946) 
| La'9, 
Eu", 353 Gac(~7 y) =2,500; E,=th | Atomic cross section. 


7Ty=9.3+0.2h | (Probably 9.2 
|S" 1.8 [abs.] | below.) 


Y 
K-captures per 8- =0.6 


Eu 9.2 h 


| 


| E,<1.63 [Be (y, n) thresh- | [Consistent with 
old] | spectrograph work of Tyler, 
Phys. Rev. 86, 125 (1939).]t 
| No photo n’s. 


| Mass spectrographic assign- 
ment 


Eu'* ~5y | Mass spectrographic assign- | See Eu™. 


ment - 
Eu!®, 154 Ty=7H4y 
18 1.0 


| K-capture per B= =11.5 


Eu Ey =0.54 ev 5-8 y Eu™ produced by 0.54 
| a9 = 20,000 ev neutrons. 
| =0.150 ev 

Eu™ Long-lived activity ob-| Mass spectrographic analysis 


of Argonne pile irradiated pure 
rare earths. Two 8~’s and one 


served 


tion. No B*. 


Eu'® 2-3 y_ | Massspectrographic assign-| First determination of o for 








Eu". See 


magnetic | A. Wattenberg, 


| Phys. Rev. 71, 497 
| (1947) 


R. J. Hayden, M. 
G. Inghram, Phys 


Rev. 70, 89 (1946) 


| M. G. Inghram, R. 
| J. Hayden, D. C. 
| Hess, Phys. Rev. 71, 
| 643 and 130 (1947) 


W. Bothe, Z. Natur- 
| forsch. 1, 179 (1946) 


L. B. Borst, et al. 
| See Eu 


M. G. Inghram, et 
| al. See Eu 


1.4 Mev y in europium frac- | 


M. G. Inghram, R. 
J. Hayden, D. C. 








ment | radioisotos by mass spectrom- 
%4= 14,000 eter. | Hess, Phys. Rev. 71, 
643 (1947) 
Eu™ 15.4d | Massspectrographic assign- | Half-life verified. 45 * " 
ment | + Compilers’ comment 
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Ge 
Ge 
Gc 
Gc 
Gx 
Ge 
Ge 


Ge 


Gd 


Gd 


Gd' 


Tb" 


NU 











64—GADOLINIUM (Gd) 














65—TERBIUM (Tb) 
| 
Atom or Information Remarks | Reference 
Molecule 
Relative abundance in % | W. Wahl, Comment. 
Gadi 0.2 | Phys. Math. Hels- 
Gq 28 lingf. 11, 4 (1942); 
Gd 15.61 | Science Abstracts A 
Gas 20.59 | 2213 (1947) 
Gd"? 16.42 
Gd"8 23.45 
Gd 20.87 
Gd , for E,=0.01-0.2 ev | Crystal spectrometer. W. J. Sturm, Phys. 


o 
E,=0.031 ev 
ao = 44,000 

lr =0.095 ev 

o; for E, =0.002-0.2 ev 
oy =45,000 

E,=0.028 ev 

r =0.118 ev 





Gd" >72d | Mass spectrographic assign- 
ment 


Gd Mass spectrographic assign- | 
ment of large absorber of 
slow *’s in Gd 


| 

| 

Gd? Mass spectrographic assign- | 
ment of large absorber of 

slow n’'s in Gd | 


oa(Gd"")~3.504(Gd") 


Ey) = 0.044 ev 
a = 190,000 


Modified rotating shutter neu- 


tron spectrometer. 


Rev. T1, 757 (1947) 


T. Brill, H. V. Licht- 
enberger, Phys. Rev. 
72, 585 (1947) 


| M. G. Inghram, et 
lal., Phys. Rev. 71, 
| 643 (1947) 


| R. E. Lapp, et al., 
Phys. Rev. 71, 745 
(1947) 


| 
} 
a = aa 


L. B. Borst, et al., 
Phys. Rev. 70, 557 








‘=0.10 ev (1946) 
65—TERBIUM (Tb) 
Tb? Gac(72 d)>22; E,=th See La’. W. Bothe, Z. Natur- 


Th 72d | 7)=73.5t1d 
| 8- 0.75, complex. [abs.]} 


1 ¥ 

| sali 

Mass spectrographic assign- 
ment 








forsch. 1, 179 (1946) 


M. G. Inghram, et 
al., Phys. Rev. 71, 
643, (1947) 
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66—DYSPROSIUM (Dy) 








Atom or 


Molecule 


Information 





Dy 


Dy" 


Dy'® 2.4h 





> - 
Dy™ = 1.25 m 





a@ activity in Dy? 


o; for E, =0.08-20 ev 


o; for E,,=0.007-0.15 ev 


Gac(2.3 h) = 2200; LE, =th 


7,;=140+1.5m 
(2.33 + 0.03 h) 
B 1.4-1.9 


7,=145+3m 
(2.42 + 0.05 h) 

B- 0.42, 0.88, 1.25 

y 0.091, 0.37, 0.83 

lq y per disintegration 


y 0.37 
~ 1.0 
possibly others 


E,<1.63 [Be (y, n) thresh- 
old} 


Mass spectrographic assign- 
ment 


7Ty=1.25m 
e ~0.13 
Produced by slow (n, ) 


| t Compilers’ comment 


Reference 


Remarks 
| 


| If activity exists (doubtful) and B. Gysae, Nat 
lis assigned to 28% abundant | wiss. 32, 219 (1944 
isotope, activity is 0.2% that of | 

}Sm. If assigned to 0.1% abun- 

|dant isotope, activity about 

| equal to that of Sm. 


|W. J. Sturm, G. P 
| Arnold, Phys. R 
(11, 556 (1947) 
Modified rotating shutter »| T. Brill, H.V. Licht- 
| spect. Noresonances butslight | enberger, Phy 
deviation found from 1/v be-| Rev. 72, 585 (1947 


Crystal spectrometer. 


| havior at low energies. 


Calculated from author’s data | W. Bothe, Z. Natu 


|for atomic cross section. See forsch. 1, 179 (1946 
La", 

| | 

|(Probably the same as the ” wae - 
known 2.4 h Dy™®. See be- 


| low.)T | 


| 
No trace of 2.2 m Dy activity|H. Slitis, Ark 
|on irradiation with fast Mat. Astron. Fysil 
trons. K, L conversion lines | 33A, No. 17 (1946) 
for 91.4 kev y. 


neu- 


| 

| Preliminary. L. C. Miller, L. F. 
Curtiss, Phys. Rev. 
70, 983 (1946) 

No photo neutrons. A. Wattenberg, 


Phys. Rev. 71, 497 
(1947) 


M. G. Inghram, R. 
J. Hayden, D. C. 
Hess, Phys. Rev. 71, 
270 (1947) 


| Assignment to odd mass from | A. Flammersfeld, 


rule that even-even isotopes | Naturwiss. 32, 68 
|have no isomers. 163 seems | (1944) and Z. Natur- 
|likely from abundance con- | forsch. 1, 190 (1946) 


99.5% pure. 
See below.)t 


siderations. Dy 
(Said to be 165*. 
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Dy 


Ho 


Er! 


Tm 














66—Dysprosium (Dy) 
67—HOLMIUM (Ho) 
68—ERBIUM (Er) 
69—THULIUM (Tm) 
70—YTTERBIUM (Yb) 





Atom or 


Molecule 


Information 





Dy'®* 1.25 m | Isomeriec with 2.4 h period 





Remarks Reference 





Mass spectrographic assign- M. G. Inghram, A. 
ment. both periods; E. Shaw, D. C. 
about same indicating only 1.3- | Hess, R. J. Hayden, 
| Phys. Rev. 73, 515 
| (1947) 


Cac for 


m isomer formed by (n, y). 





67—HOLMIUM (Ho) 
































Ho 6 27h 7T,=27.3+0.5 h Oa(Ho™) for this activity | W. Bothe, Z. Natur- 
8- 1.8 [abs.] taken to be 49 for E,=th. | forsch. 1, 179 (1946) 
Used as standard in other cross 
| section measurements. 
| Mass spectrographic assign- M. G. Inghram, R. 
| ment J. Hayden, Phys. 
| 743=27.5h Observed for 9 half-lives. Rev. 71, 130 (1947) 
68—ERBIUM (Er) 
Er Cac(6-7 h)>1; E,=th Atomic cross section. See La'’.| W. Bothe, Z. Natur- 
Tac(20 h)>0.4; E,=th Atomic cross section. See La™, | forsch. 1, 179 (1946) 
Eyis,17 T\~6m W. Bothe, Z. Natur- 
or 8 ? forsch. 1, 179 (1946) 
Tm!) y ? | 
7,=5.7-7.1 h W. Bothe, Z. Natur- 
8- 1.6 [abs.] forsch. 1, 179 (1946) 
y 
Ti =20 + 2h W. Bothe, Z. Natur- 
8~- 0.6 [abs.] | forsch. 1, 179 (1946) 
, | 
69—THULIUM (Tm) 
Tm 69 Gac(127 d) =95; E,=th See La'®, Bothe, see Er 
Tm! Ti;=127+5d W. Bothe, Z. Natur- 
8- 1.0 [abs.] forsch. 1, 173 (1946) 
No y or X-ray 
Tm! See Er'®,!71 | 
70—YTTERBIUM (Yb) 
Yb" Cac(33 d) =18,300; E,=th | Calculated from author's data| W. Bothe, Z. Natur- 


for atomic cross section. See 


forsch. 1, 179 (1946) 
La™, 
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70—Ytterbium (Yb) 
71—LUTECIUM (Lu) 











Atom or 
Molecule 


Information 








Y p69) 33d 


Yb!" 


Y b! 75 





Yb 


Yb!" 2h 


T,=33+1.5d 
K-capture 

No 8 

y 0.2, 0.4 [abs.] 


Gac(45 d) =47; E,=th 
Oac(4.2 d) =17; E,=th 


Gac(4.1 d) =74; E,=th 


Ty~45 d 
B-~0.3 [el. ch.] 


Ty=4.2+0.2 d (102 h) 
B- 0.45+0.07 [cl. ch.] 


102 h period assigned here 


T1=99+3 h (4.140.1 d) 

B 0.50, 0.13, e~ [abs.] 

y 0.35 in coincidence with 
0.13 8 


Gac(1.9 h)=3; En=th 


Gac(2.4 hh) =6.7; E,=th 


Ty=1.9+40.2h 

8- 1.15+0.1  [el. ch.] 

2.7 h tentatively assigned 
here 


T1=2.4+0.2h 
8 1.3 [abs.] 





Remarks 





Mass assignment based on pro- 
duction of Tm X-rays. 


Based on o4-(2.6 h Dy) = 1600. 
See Lu’, 


See Yb'®. 
(Assigned to mass 175 on basis 


of 8. Isomeric state of 4.2 d 
activity. See Bothe Yb ™.)t 


Mass assignment based on pro- 
duction by fast as well as slow 
n’s and lack of growth of 
6.6 d Lu’, 

Mass spectrographic analysis 


of pile irradiated rare earth. 


(Probably 102 h Yb'™.)t 


Based on o4-(2.6 h Dy) = 1600. 


See Lu, 


See Yb'®, 


t+ Compilers’ comment 


Reference 


W. Bothe, Z. Nai 


forsch. 1, 173 (1946 


H. Atterling, et a! 
Arkiv Mat. Astr: 
Fysik 328A, No. 2 
(1945) 

W. Bothe. See Yb'® 


H. Atterling, et al. 
See Yb!4 


H. Atterling, et al. 
See Yb! 


M. G. Inghram, R. 
J. Hayden, Phys. 
Rev. 71, 270 (1947 


W. Bothe. See Yb“ 


H. Atterling, et al. 
See Yb! 


W. Bothe. See Yb'® 


H. Atterling, e¢ al. 
See Yb!* 


M. G. Inghram, R. 
J. Hayden. See Yb" 


W. Bothe. See Yb 





71—LUTECIUM (Lu) 





Lu'® 





ac(3.6 h) =30; E,=th 


Based on ¢a¢( Dy'™ 2.6 h) = 1600. 
{Newer value is 2600, Seren 
Phys. Rev. 72, 888 (1947).]t 


+ Compilers’ comment 








H. Atterling, et al.. 
Arkiv Mat. Astron. 
Fysik 32A, No. 2 
(1945) 
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Lu! 


Lu’ 


Lu" 


Lu” 


Hf 
Hf 
Hf 
Hfi7s 
Hfi79 
Hf'* 


NUC 











71—Lutecium (Lu) 


72—HAFNIUM (Hf) 





Atom or 


Molecule 


Information 


Remarks 








Calculated from author's data 








Reference 




















Lu! Cac(3.7 h) = 27; E,=th W. Bothe, Z. Natur- 
for atomic cross section. See} forsch. 1, 179 (1946) 
La™, 
Lu!” Cac(6.6 d) = 2,900; E,=th H. Atterling, et al. 
See Lu'® 
@.-(6.8 d) =3,600; E,=th W. Bothe. See Lu'® 
o(Lu'’ y, Lu") = First 8” activity formed by| J. V. Dunworth, B. 
0.1 ¢ (In"™5 y, In"®*); | X-rays. See Lu’, Pontecorvo, Proc. 
E,=2 Camb. Phil. Soc. 43, 
429 (1947) 
Lu!" 3.7 h 7; =3.67 + 0.03 h Assigned to mass 176 from data} H. Atterling, e al. 
B- 1.25+0.07  [el. ch.] on yield in fast neutron irradi- See Lu’ 
ation compared with that of | 
6.6 d activity. 
T,=220+10 m (3.7+0.1 h) | (Probably Lu'®*.) + | W. Bothe, Z. Natur- 
B- 1.15 [abs.] , | forsch. 1, 173 (1946) 
No y, no X-rays 
| 
T)=3.4+0.1h | J. V. Dunworth, et 
B- >0.5 al. See Lu’ 
Lu'?6.6d | 7)=6.6+0.1d See Lu'®*, H. Atterling, et al. 
8 0.47+0.05 [el. ch.] See Lu'® 
Mass spectrographic assign- M. G. Inghram, R. 
ment J. Hayden, D. C. 
Hess, Jr., Phys. Rev. 
71, 270 (1947) 
T;=163+4 h (6.8+0.2d) | [Period assigned by Bothe to| W. Bothe. See Lu” 
|8- 0.52 [abs.] Lu'®* on basis of Yb X-rays. 
y 0.2 “ Flammersfeld and Mattauch, 
| Yb X-rays Naturwiss. 31, 66 (1943) find 
| K-captures per 8™ =0.2 0.2 Mev y and Yb X-rays asso- 
ciated with 7.310" y Lu’®.|+ 
+t Compilers’ comment 
72—HAFNIUM (Hf) 
Relative abundance in %| See also J. Mattauch and H |J. Mattauch, H. 
Hf 0.18+5% Ewald, Naturwiss. 31, 487) Ewald, Zeits. f. 
Hfi76 5.30+2% (1943). Physik 122, 314 
Hf? 18.47+0.5% (1944) 
Hfi78 710i” 
Hf'79 13.84+ “ 
Hf'80 35.11+ * 
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72—-Hafnium (Hf) 
73—TANTALUM (Ta) 





Atom or 


Molecule 


Hp77*.179* 


Hf"! 46d 








y 19+0.5s 


7 


€ 


Produced by Hf (n, y) with 


8 


ly 


| 
| 


X-ray 0.07 


Information Remarks 








| Activity assigned to 177 or 179 
on basis of Mattauch rule that 
have no 


~0.19 


even-even isotopes 


slow neutrons . isomers. 
| Spin of excited level <3/2. 


0.45 [abs. Al] y transitions probably in cas- 
0.30 [abs. Pb and Al] | cade. 70 kev line due to K 
0.52 X-ray of Ta caused by con- 


version of 0.30 y. See Ta!®”. 


| Reference 





A. Flammersfe!: 
| Naturwiss. 32, 68 
| (1944) and Z. Natur- 
forsch. 1, 190 (1946 


L. Madansky, M. | 
| Wiedenbeck, P/ 
Rev. 72, 185 (1947 








73—TANTALUM (Ta) 





Ta!®! 


Talg 


Talsi* 


Ta!® 





Fission produced by 400] 


Mev a's 


o;= (7.2+0.4) + 


(3.0+0.1)/E9| 
E,<1 ev 


Ey (ev) ool? 

“4.1+0.1 ware | Main level at 4.1 ev. Other 
10.0+0.3 25 dips probably indicate strong 
13.0+0.5 ~3 |resonances near 100, 300 ev 
22 +2 ~18 | and higher. 

37 +3 ~400 


ec(16.2 m)=0.034; E,=th| 
Gac(117 d)= 


E, =th| 


20.6; 


Angular distribution of n's See also Helmholz, McMillan 


Ti 


~0.18 delayed y follows 0.8 | dences. 


Ty = 22 us confirmed 


7,=16.2+0.5 m 
B 0.4 [abs. Al] 
vy or X-ray present 


with E, >20 for Eg=120. | and Sewell, Phys. Rev. 72, 1003 


Narrow collimated beam | (1947). 
in forward direction ob- | 
served. | 

Method of delayed coinci- 
0.5 y not followed by 
| delayed y. 


=22 us 
8 of Hf'* 


|Method of delayed coinci- 
dences. 


| Isomer of 117 d Ta. 
| Produced in thermal column of 
| Argonne pile. 


|} I. Perlman, R. H 
Goeckermann, D. 
H. Templeton, J. J 
Howland, Phys. R: 

| 72, 352 (1947) 

| W. W. Havens, J: 

et al., Phys. Rev. 71, 

165 (1947) 


W. W. Havens, Jr 
et al., Phys. Rev. 71, 
165 (1947) 


| 

| 

| 

|L. Seren, H. N 
Friedlander, 8. Tur- 
kel, Phys. Rev. 72, 
163 (1947) 

| A. C. Helmholz, E. 
M. MeMillan, D. 
Sewell, Phys. Rei 

| 72, 740 (1947) 


| 
| 


S. DeBenedetti, F. 
K. McGowan, Phys. 
Rev. 70, 569 (1946 


L. Madansky, et al 
See Hf 


L. Seren, et al. See 
Ta™ 
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W 


NUC 














73—Tantalum (Te) 


74—TUNGSTEN (W) 





| 
| 
Atom or 


“ Information 
Molecule 


Remarks 








Semi-circular focusing mag- 











Reference 


J. M. Cork, Phys. 











Ta 117d |34 relatively strong con- 
version lines from  16/ netic spectrometer. Rev. 72, 581 (1947 
gamma rays observed 
Energy level scheme pre- | 
posed | 
| 97 d activity in pile irradi- J. M. Cork, F. B 
ated Ta. Observed 16 Shull, Phys. Rev. 71, 
sharp lines, e~<200 kev 467 (1947) 
8 0.53+0.03 W. Rall, R. G. Wil- 
kinson, Phys. Rev 
71, 321 (1947) 
E. ~Relative intensity | Internal conversion of 0.15| W. Rall, R. G. Wil- 
0.15 ae 2 |Mev y. Magnetic lens spec-| kinson, Phys. Rev. 
0.22 4 trometer. 71, 321 (1947) 
1.13 37 
| 1.22 57 
E,<1.63 [Be (y, n) thresh-| No photo neutrons. |A. Wattenberg, 
old] | Phys. Rev. 71, 497 
| (1947) 
74—TUNGSTEN (W) 
Relative abundance in %| I. If packingfraction=2X1)~‘4,| 7. D. Williams, P. 
I II chemical atomic weight =| Yuster, Phys. Rev. 
ws 0.13+2 0.122 +0.002 | 183.88. Search made for other | 69, 556 (1946) 
wis 26.41 +“ 25.77 +0.3 isotopes. 179, 181, 185, 187 
wis 14.40 + “ 14.24+0.2 <1/10,000 of 184. 
wis 30.64 + “ 30.68 +0.3 
ws 28.41 + “ 29.17+0.3 II. If packing fraction=1.8X | IJ. M. G. Inghram, 
10~*, chemical atomic weight = | Phys. Rev. 70, 653 
183.89. Chemical value = 183.92 | (1946) 
W a(photo fission) << 107; Using General Electric 100} G.C. Baldwin, G.S. 


| E,<100 


E,<1 ev 





| Epo(ev) ool” 
| 4.0+0.1 ~13 
| 7.4+0.2 ~5 
| 18.0+0.5 ~3000 
45.0+2 ~400 
180+ 20 ~10,000 


| Dip near 1100 ev 


Mev betatron. 


May be multiple. 
May be multiple. 
May be multiple. 
May be multiple. 








Klaiber, Phys. Rev. 
71, 3 (1947) 


W. W. Havens, Jr., 
et al., Phys. Rev. 71, 
165 (1947) 


W. W. Havens, Jr., 
et al., Phys. Rev. 71, 
165 (1947) 
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74—Tungsten (W) 











75—RHENIUM (Re) 
A | | 
Fa saled Information Remarks Reference 
Ww a; for photo n's R. Fields, et 
Phys. Rev. 71, 508 
(1947) 
ot E, Details on sources and detec-| T. A. Goloborod 
7.2+0.6 0.1 tors under Cr. J. Phys. U.S.S.R 
9.4+0.6 0.2 8, 106 (1944) 
9.0+0.7 0.2 
10.4+0.5 0.3 
9.7+0.7 ? 
6.3+0.5 0.4 
6.8+0.9 0.4 | 
W'® 77d No gamma found | K. D. Coleman, et 


W'*? 24h 





8 0.6,1.3  [l spect.] 
y 0.48,0.69 “ 


8 1.1 [abs.] 

y 0.69 a 

180° spectrometer with U or 
|Th radiator. Decay scheme 
proposed. 


y 0.48, 0.57, 0.69, 0.79, 
0.86 





al., Phys. Rev. 72, 
164 (1947) 


L. C. Miller, L. F. 
Curtiss, Phys. Rev. 
70, 983 (1946) 


K. D. Coleman, et 
al. See 77 d W'® 


W. M. Schwartz, M. 
L. Pool, Phys. Rev. 
71, 122 (1947) 





75—RHENIUM (Re) 





Re'* 52 d 


Re'* 90 h 


Re!87* 


Re! 18h 





X-rays 
y 0.75 [abs.] 


.3 ev resonance in Re'® leads 


Mass spectrographic assign- | 2 
| to 90 h activity. 


ment 


7; =92.8+0.2h 
(3.87 +0.1 d) 
B 1.07 [abs. Al] 
Noy 
T;=0.65 us Metastable state follows softer 
y~0.1 [coincid. abs. sec. e~]| part of 24 h W 8 spectrum; 


involves 0.13 Mev y transition. 


y 0.16, 0.48, 0.64, 0.94 and 





1.43 [l spect.]} 


K. D. Coleman, e 
al., Phys. Rev. 72, 


| 164 (1947) 


D. C. Hess, Jr., R. 
J. Hayden, M. G. 
Inghram, Phys. Rev. 
72, 730 (1947) 


L. J. Goodman, M 
L. Pool, Phys. Rev. 
71, 288 (1947) 


S. De Benedetti, F. 
K. McGowan, Phys. 
Rev. 71, 380 (1947) 


L. C. Miller, et al., 
See W!*7 
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At 
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Re'® 


Os 


Os® 


Os! 





NUC 











75—Rhenium (Re) 


76—OSMIUM (Os) 


77—RIDIUM (Ir) 





Atom or 


“ar Information 
Molecule 


Remarks 


Reference 





| Ty=18.9+0.2h 
|8~- 2.05 [abs. Al] 
Fewer than 1 y per 4 §’s 
} 
| E,<1.63 [Be (y, n) thresh- 
old] 


Re'S 18 h 


Mass spectrographic assign- 
ment 


No photo n’s. 


Goodman and Pool. 
See Re’ 


A. Wattenberg, 
Phys. Rev. T1, 497 
(1947) 


D. C. Hess, Jr., et 
al., Phys. Rev. 72, 
730 (1947) 








76—OSMIUM (Os) 





lo, =(15+0.4)+ 
(2.7+0.1)/Ei 
for E,=0.3-9 ev 


Ep(ev) ool? 
6.5+0.3 ~10 

§8.8+0.3 ~35 
20 +1 ~25 
28 +1.5 ~8 
42 +2 ~10 
84 +6 


| Higher unresolved levels 


Os") 95 d 74 =94.7+2.0d 
Predominantly y emitting 


Produced by Re (d, 2n) 


Os! 1.3 d 74=31.9+1h (1.33+0.4 d) 


Crystal interference effects par- 
ticularly at A\=1.75 and 2.36 
A.U. 


gol? good only to factor of 10. 
ool good only to factor of 5. 


Tentative mass assignment. 
30 h activity reported by L. J. 
Goodman, M. L. Pool, Phys. 
Rev. 70, 112 (1946) as isomeric 
with this activity not found 
with very pure Re. 


cS a wa & ae 
Phys. Rev. 71, 174 


(1947) 


L. J. Goodman, M. 
L. Pool, Phys. Rev. 
71, 288 (1947) 


L. J. Goodman, M. 




















8- 0.95 [abs. Al] L. Pool, Phys. Rev. 
iy 1.17 [abs. Pb] 71, 288 (1947) 
77—IRIDIUM (ir) 
Ir o, (14+6)+(64+2)/E Using redesigned Columbia| L. J. Rainwater, et 
E,, =0.07-0.1 ev neutron velocity spectrometer. | al., Phys. Rev. 71, 
65 (1947) 
| En(ev) o T(ev) oI? L. J. Rainwater, et 
| 0.64+0.015 >4500 <0.07 5-20 al., Phys. Rev. 1, 
|1.2740.04 >4000 <0.07 5-20 65 (1947) 
5.2 +0.2 ~55 
8.7 +0.3 ~50 
25 +5 
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77—Iridium (Ir) 
Atom or Information Remarks | Reference 
Molec ule 
Ir Probably more levels at L. J. Rainwater, et 
| higher energies al., Phys. Rev. 171, 
| 65 (1947) 
| — 
low E, for E,=0.05-8 ev Crystal spectrometer. W. J. Sturm, P/ 
Rev. 71, 757 (1947 
Ey(ev) a P(ev 
0.635 ~543 ~(.250 
1.35 ~612 ~0.36 | 
6.00 | 
| 
Ir! 11d 7T3=10.7+0.3d | L. J. Goodman, M 
|Bore™ 0.091 [abs.] L. Pool, Phys. R: 
| y 0.25 . 71, 288 (1947) 
| X-rays 
Produced by Os (d, n); 
Ir (n, 2n); and not by 
Ir (n, y) 
Ir™ ac(1.56 m)~260; E,=th M. Goldhaber, C. ( 
Muehlhause, S. H. 
Turkel, Phys. Re 
71, 372 (1947) 
} 
: Ir* 1.5 m Decays by LT. | M. Goldhaber, C. ( 
y ~0.060. Converted in a 
i L-shell Turkel, Phys. Re 
| 71, 372 (1947) 
j | 
| 
- 7 a | ‘ 
Ir! 75d T3=75+3d L. J. Goodman, M. 
B- 0.59+0.01 [abs.] L. Pool, Phys. Rev. 
y 0.52 “ 71, 288 (1947) 
Lis 0.67 [wr spect.] Pp. a Levy, Phys. 
| Detailed data on 12 gamma | Photographic detection. | Rev "a: 352 (1947) 
rays and conversion lines 
Ir' 19h 71 =19.0+0.2h | L. J. Goodman, M 
B~ 2.07+0.03 [abs.] ~4 8's per group of 2 y's. | L. Pool, Phys. Rer 
y 0.38 7 y's of ~equal intensity. 71, 288 (1947) 
1.65 . 
E,< 1.63 [Be (y, n) thresh- | No photo n's. |A. Wattenberg, 
old} | Phys. Rev. 71, 497 
| (1947) 
| 
60d 26 conversion lines from 12}| Semi-circular focusing mag-| J. M. Cork, Phys. 
gamma rays observed netic spectrometer. Rev. 72, 581 (1947 
Energy level scheme pro-| | 
posed | 
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Au! 


Au! 


NUC 








17 


CS 





78—PLATINUM (Pt) 


79—GOLD (Au) 





{fiom or 


Molecul Remarks 
Molecule 


Information 


(12.0+0.3)+ | Using redesigned Columbia 
(1.03 + 0.06) / EF}; | neutron velocity selector. Crys- 
E,, =0.04-0.8 ev | tal effects for E,,<0.035 ev. 


Pt ot 


Ey(ev ol" 
11.5+0.4 ~55 
18.2+1 ~30 


Broad dip at 100 ev indicat- 


ing several levels 





o(hackscattcring) Bias See C. 
0.47 + 0.03 14 | 
0.44+0.04 1.7 


Incident E, =3.1 


Refe rence 
W. W. Havens, Jr., 
et al., Phys. Rev. 71, 


| 165 (1947) 


J. H. Manley, et al., 
Phys. Rev. 70, 602 
(1946) 





79—GOLD (Au) 





Au d, n) Number of neutrons of dif-| Large excess of neutrons in 
ferent energies emitted | forward direction, particularly 
at 0° and 90° given for | for high energies. 

| Ea=15 
Au! o; for t,=900—5700 m/s Modified rotating shutter neu- 


tron spectrometer. 


ao, for E,=0.01-0.3 ev Modulated cyclotron neutrons 


| —time of flight method. 
| 


| 
as 
o; for E,=0.03-10 ev | Used crystal spectrometer. 
o,=99.3 at E,,=0.025 ev 
E,=5.4 ev 


Results with redesigned Colum- 
bia velocity spectrometer agree 
with previous ones. 


| o; for E,=2-10 ev 
Ey =4.8+0.1 ev 
ool =600 +80 

| <0.5 ev 

| o> 2400 


General Electric 100 Mev | 
betatron used. 


o(photo fission) <1075 for 
E, up to 100 Mev 


See Be® for method. Nuclear 
radius = 8.65 + 0.83 X10~™. See | 
also Phys. Rev. 71, 739 (1947). | 


| o,=4.68+0.9; E,=14 





R. B. Roberts, P 
H. Abelson, Phys. 
Rev. 72, 76 (1947) 


T. Brill, H. V. Licht- 
enberger, Phys. Rev. 
72, 585 (1947) 


B. D. McDaniel, R. 
B. Sutton, L. 8. 
Lavatelli, E. E. An- 
derson, Phys. Rev. 
72, 729 (1947) 


W. J. Sturm, Phys. 
Rev. 71, 757 (1947) 


W. W. Havens, Jr., 
J. Rainwater, Phys. 
Rev. 70, 154 (1946) 
and 71, 165 (1947) 


G. C. Baldwin, G. 
S. Klaiber, Phys. 
Rev. 71, 3 (1947) 


E. Amaldi, e al., 
Nucvo cimento 3, 15 
and 203 (1946) 
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719—Gold (Au) 
80—MERCURY (Hg) 
| 
At ‘ | 
Molecule Information Remarks Reference 
Au? a (backscattering) Bias See C J. H. Manley, et al. 
0.59 + 0.04 1.4 | Phys. Rev. 70, 602 
0.50 + 0.08 7) 3 (1946) 
Incident £,,=3.1, 
Au!s7* T1=7.4+40.38 [See Wiedenbeck, Phys. Rev.| H. Frauenfelder, P. 
| 68, 1 (1945); 72, 185 (1947).]t| C. Gugelot, O. Hu- 
4% 96% _— ber, M. Medicus, P. 
eo 25h Preiswerk, P. Scher- 
rer, R. Steffen, Hel 
K K Phys. Acta 20, 238 
_wre (1947) 
Hg'97 65 . 
= - 0.165, e"(K,L 
ese Tete ¢ TOMAS 
K 
7 0.135,e°(K,L,M) } 
1~0.077,e~ Y0.077,e7(K,L.M) | 
Ay'9? 
Au’ 2.72d | Broad e~ line at 58.4 kev| Magnetic lens spectrometer.|S. Jnanananda, 
suggesting 2 X-rays of| Line attributed to L electrons| Phys. Rev. 70, 812 
~70 kev differing by 3/ ejected by K radiation of both | (1946) 
kev Hg and Pt. 
Average E, per (8--+e7) | Absorption integration method. | E. C. Barker, Phys. 
} = 0.366 | | Rev. 72, 167 (1947) 
. | 
f <1% of y's above Be (y, n) | | A. Wattenberg 
threshold | Phys. Rev. 71, 497 
(1947) 
B- 0.92 [2 spect.] [For radiation siaiieiaaiiiieal K. Siegbahn, Proc. 
y 0.401 ° |see K. Siegbahn, Phil. Mag.| Roy. Soc. 189, 527 
One y per 8 | 37, 180 (1946).]t (1947) 
y 0.408 Mev. K, LZ, M con-| Semi-circular focusing mag-|J. M. Cork, Phys. 
version observed netic spectrometer. | Rev. 72, 581 (1947) 
+ Compilers’ comment 
80—MERCURY (Hg) 
Hg o; for E, =0.5 to ~1,000 ev W. W. Havens, Jr., 
Ey = —2.0+0.2 ev if 'E,| Probably unresolved levels| J. Rainwater, Phys. 
above 25 ev. Rev. 70, 154 (1946) 
o,=5.64+0.19; E,=14 Nuclear radius=9.50+0.2X|E. Amaldi, et al., 
10-4, See Be? for method. | Nuovo cimento 3, 15 
See also Phys. Rev. 71, 739} and 203 (1946) 
(1947). 
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80—Mercury (Hg) 
81—THALLIUM (Tl) 












































Atom or . 
Molecule Information Remarks Reference 
Hg Go+in = 2.47 + 0.12;E,=14 |E. Amaldi, et al., 
Nuovo cimento 3, 15 
| and 203 (1946) 
| 
Ca From mass spectrographic de-| M. G. Inghram, D. 
Hg! 3100 termination of relative abun-/|C. Hess, Jr., R. J. 
Hg! 2500 dance changes in natural mer-| Hayden, Phys. Rev. 
He? <60 cury after intense neutron | 71, 561 (1947) 
He?! | <60 irradiation in graphite pile. 
He" j <60 
He™ | <60 
Hg'*** | Ty=0.2-0.3 ws for highly| Method of delayed coinci-| L. Madansky, M. L. 
| converted 0.4 Mev y in| dences. Wiedenbeck, Phys. 
| 2.8d Aus Rev. 72, 185 (1947) 
Hg28.208 |8- <0.3  [l spect.] L. C. Miller, L. F. 
515d jy 0.28 “6 Curtiss, Phys. Rev. 
| | 70, 983 (1946) 
81—THALLIUM (Tl) 
Tl | ¢(photo fission) <10~° for G. C. Baldwin, G. 8S. 
E, up to 100 Klaiber, Phys. Rev. 
| 71, 3 (1947) 
_ E, See Li for n sources. T. A. Goloborodko, 
| 11.3+0.8 0.1 J. Phys. U.S.S.R. 
6.5+0.6 0.2 | 11, 44 (1947) 
10.0+0.8 0.3 
| 6840.7 0.4 
Fission observed with 184 in. Berkeley cyclotron.|I. Perlman, R. H. 
| d, Eg=200; a, Ea=400/| Fission seems to be symmetri- | Goeckermann, D.H. 
| cal and lighter isotopes are| Templeton, J. J. 
formed than in U-fission by | Howland, Phys. Rev. 
slow n’'s. 72, 352 (1947) 
o,=(9.7+0.2)+ Rise of transmission indicating|C. S. Wu, L. J. 
(0.6+0.2)/E*!| decrease of o, for E,>0.05| Rainwater, W. W. 
| E,=0.5-50 ev Mev. Havens, Jr., Phys. 
| Crystal interference effects Rev. 71, 174 (1947) 
for E,<0.5 ev 
Eo ool Cc. s&s. Wa, L. J. 
| 9270 20,000 Rainwater, W. W. 
1100 Havens, Jr., Phys. 
| | Rev. 71, 174 (1947) 
| 
TPR® u=1.628 Based on H. L. Poss, Phys. 
»(H') = 2.7896 + 0.0008. Rev. 72, 637 (1947) 
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81—Thallium (TI) 















































82—LEAD (Pb) 
—_ on Information Remarks Reference 
TP® 4.2m Massassignment. Daughter | 3.5 y activity not found in| E. Broda, N. Feath- 
of Bi#!° Bi?’ decay. See Bi*". er, Proc. Roy. Soc 
190, 20 (1947) 
TPS 4.5 m TI isotope(s), 8~1.8 | Using General Electric 100} G.C. Baldwin, G.§. 
and/or TP? | Produced by Mev betatron. (Authors give| Klaiber, Phys. R. 
Pb y, E,<100 TI™ rather than T?.)+ 70, 259 (1946) 
TI Find pair emission with | Discrepancy among results with | H. Bradt, J. Halter, 
(ThC”) cloud chamber but not|the three methods not ex-}H. G. Heine, P. 
with coincidence method | plained. Scherrer. Helv. Phys. 
or with magnetic spectro- Acta 19, 431 (1946) 
graph 1 
Detected 0.04 quanta of | These quanta previously unde-| B. B. Kinsey, Phys 
~40 kev per disintegra-| tected; ~0.5 per disintegra-| Rev. 72, 526 (1947) 
tion by a coincidence} tion were expected. 
method 
8 1.72 | By Fermi plot of 8 spectrum!) K. Siegbahn, A, 
| obtained with §-ray spectro-| Johansson, Arkir 
graph. Mat. Astron. Fysik 
+ Compilers’ comment 34A, No. 10 (1946) 
82—LEAD (Pb) 
: Pb No excitation observed with S. Eklund, Arkir 
0.390 Mev X-rays Mat. Astron. Fysik 
83A, No. 14 (1946 
a=0.48 From crystal interference ex-| E. Fermi, L. Mar- 
periments. o,=10. all, Phys. Rev. 71, 
4na*A?/(A+1)?=2.9. 666 (1947) 
o; for photo n’s R. Fields, et ai., 
Phys. Rev. 71, 508 
(1947) 
o ce For details on sources and de-| T. A. Goloborodko, 
8.8+0.6 0.1 tectors see Cr. J. Phys. U.S.S.R. 8, 
5.7+0.4 0.2 106 (1944) 
6.2+0.7 0.2 
9.0+0.6 0.3 
4.8+0.4 0.4 
§.1+0.8 0.4 
a(backscattering) Bias | See C. J. H. Manley, et al., 
2.5+0.1 1.4 Phys. Reo. 70, 602 
2.3+0.1 1.7 (1946) 
Incident E,=3.1 
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82—Lead (Pb) 





Atom or } 


16 
Molecule Information 


Remarks 





Pb o:=5.05+0.08; E,=14 


Cat Gin =2.22+0.05; 
E,=14 


Exposure to photoradiation 


Nuclear radius 9.0010~"% 
em. See Be® for method. See 
also Phys. Rev. 71, 739 (1947). 





General Electric 100 Mev beta- 
tron (See TP® and/or 





Tr. | 


Reference 
E. Amaldi, et al., 
Nuovo cimento $3, 
15 and 203 (1946) 





“ “ “ 


G. C. Baldwin, G. 


| 
| 
|S. Klaiber, 


Phys. 


| Authors give TP“ instead of | Rev. 70, 259 (1946) 


| TH%.)+ 


of E,<100 Mev pro- 

duced: 

Isotope Ty 
T1™ (and 2077) 4.5 m | 
Ph or 204° 69 m 
? 5.5 h 
Pb** 52 h 


a(photo fission) <10~; 
E,<100 


Using General Electric 


Mev betatron. 
| 


a¢(Pb) /o-(U28) < 1.47 1074 | Determined by counting tracks 


n's from 0.9 d's on Li 


os ( Pb) oy ( U*) <1.310°5 
n's from 0.9 d's on Li 


| Fission observed with 
n, E,=100; 
d, Eg=200: 
a, E,=400 


o, for E, =0.003-10 ev 
Interaction of neutrons with 
electrons in Pb discussed 


Pb? and T; long 
Pb*® | Not observed from 
Ez=20 
| High yield expected 


Tld, 


|K,e.7 
| Produced by 
TI® (d, 2n); Eg=20 
| Pb™ (n, 2n); En =fast 


Pb? 52 h | Mass assignment 
| 


in photographic plates. 


i 


| 


| 


| Determined chemically from 
fission iodine. 
| 

184 in. Berkeley cylotron. Fis- 


sion seems to be symmetrical 
| and light isotopes (i.e., lighter 
|than in U fission by slow n’s) 
lare formed. See Ta. 


Neutron spectrometer for n 
source. 


T}>500 y if counting ef- 
ficiency same as for Pb?®. 


Assigned to 203 rather than 
205 since not produced by 
Pb*™*(d, p). Confirms result of 
of W. Maurer and W. Ramm, 
Zeits. f. Physik 119, 602 (1942). 








t Compilers’ comment 


100 |G. C. 


| 
| 
| 


| 
| 


Baldwin, G. 
|S. Klaiber, Phys. 
| Rev. 71, 3 (1947) 


| E. Broda, Nature 


| 158, 872 (1946) 

| 

|E. Broda, P. K. 
| Wright, Nature 158, 
| 871 (1946) 


I. Perlman, et al., 
Phys. Rev. 7%, 352 
(1947) 


| W. W. Havens, Jr., 
c. 3 Bee Gud 
Rainwater, Phys. 
Rev. 72, 634 (1947) 


D. H. Templeton, 
J. J. Howland, I. 
Perlman, Phys. Rev. 
72, 766 (1947) 


J. J. Howland, D. 
H. Templeton, I. 
Perlman, Phys. Rev. 
71, 552 (1947). Also 
| Phys. Rev. 72, 766 
| (1947) 
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82—-Lead (Pb) 





Atom or 
Molecule 





Information 


Remarks 


Reference 





Pb*8 52 h 


Pb?™* or 205 
69 m 


Pb?* 68 m 


Pp 


Pp 


Pp 


P b?°7 





Pps 


Pb" (a, pn)- 
Biz!0 


Pb*8 (a, 2n)- 
Po2!0 


Pb*®? 3.3 h 


Pb*? 10.6 h 
(ThB) 


Produced by 
Pb y, E,< 100 


Produced by 
Pb y, E,< 100 





Daughter of Bi* 
2S oe” 
Produced by 


TP (d, n); Eq=20 


| TI (d, 3n); Ea 
| 


20 
of <1.7X10°4; E,,=th 
| 
| 
| See Pb? 
| 
| 
loy<1.1X10-; E,=th 


| Levels. See Po?!® 


loy<1.1X10; E,=th 


| 
lay<5X10; KE, =th 
o =0.008 + 20%; 


lo=0.4; Ea=40 


| 8 0.68+0.03 


s&s 

Produced by 
Pb (d, p); Eqg=20 
Pb (n, vy); En=th 


y 0.43 
0.71 





E,=40 


Using General Electric 100 
Mev betatron. 


| 
| 


| See assignment of Bi™. Radio- 
| chemical evidence strongly sug- 
(First 
reported case of isomerism in 


gests this assignment. 
an even-even nucleus.)t 


From study of fission fragment 
tracks in photographic emul- 
sion. 


See Pb*™. 


See Pb*™. 


See Pb. 


| 

| Thin lens magnetic spectrom- 
eter. 

| 

| Confirms work of W. Maurer 

and W. Ramm, Zeits. f. Physik 

| 119, 602 (1942). 


E, from 8 and e~ spectra. K, 
l,, Le and M electrons ob- 
| served. 


| ¢ Compilers’ comment 











G. C. Baldwin, G 
S. Klaiber, Phys 
Rev. 70, 259 (1946) 


“ “ 


J. J. Howland, et a/ 
See Pb?®, Also 
Phys. Rev. 72, 766 
(1947) 


L. B. 
Floyd, Phys. 
70, 107 (1946) 


Borst, J. J. 
Re v. 


L. B. Borst, J. J. 
Floyd, Phys. Rev 
70, 107 (1946) 


L. B. Borst, e¢ al. 
See Pb?® 


See Pb? 


D. H. Templeton, 
J. J. Howland, I. 
Perlman, Phys. Rev. 
72, 758 (1947) 


W. Rall, R. G. 
Wilkinson, Phys. 
Rev. 71, 321 (1947) 


D. H. Templeton, 
J. J. Howland, I. 
Perlman, Phys. Rev. 
72, 765 (1947) 


K. Siegbahn, Arkiv 
Mat. Astron. Fysik 
30A, No. 20 (1944) 
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bi 


Bi 


Bi 


Bi' 


Bi 


Bi' 


NI 








al 


mn, 


ev 


ys. 
7 


on 


ev. 


biv 
stk 


CS 


82—Lead (Pb) 
83—BISMUTH (Bi) 





Atom or | 
Molecule 
= | 

| 


Pb?"* 26.8 m 
RaB) 


| -y 0.05283 


Information 


Remarks Reference 





0.2942 
0.2410 0.3509 


0.2578 





E, from 8 and e~ spectra. K,| K. Siegbahn, Arkiv 
In, Lz, Mi, M2, Ni, O; elec-| Mat. Astron. Fysik 
trons observed. Error in E,|30A, No. 20 (1944) 
~0.5%. 








83—BISMUTH (Bi) 





| 
| 


Bi2%.207 


| 
| 


BR*6.4d = | 


| 


duction reactions 

K,e.7 

Produced by 
Pb*™(d,2n) ; Eg=20 
TP (a,3n); Eg=40 


T; long 


| Mass assignment on basis 
| . . 
of high yield from pro- 


listed 


Not observed from Pb d; 


Ea = 20 
High yield expected 


Mass assignment on basis of 
relative yields from re- 
actions listed and others 


| Daughter of Po?® 


y 1.1, 0.4, K, e~ 

Produced by 
Tl(a,3n); Eqg=40 
Pb?(d,2n); Eq=20 


Pb?" (d,3n); Ea=20 





Indication of partial decay to | J. J. Howland, et al.. 
stable Pb?™. Not produced by | Phys. Rev. 71, 552 
Pb”, Pb? or Pb?%d, Eg=20.| (1947). Also Phys. 
Rev. 72, 766 (1947) 


D. H. Templeton, 
J. J. Howland, I. 
Perlman, Phys. Rev. 
72, 766 (1947) 




















Bi? See Bi?® 
Bi 28 Long-lived K or 8~ activity | Chemical separation of Bi from 
| Believed produced by Bi*®%- | added Ag, Sb, Sn, Tl, Hg, Pb 
(n,2n) on several month's | failed to remove long-lived 
exposure to high n flux activity. 
Bi? |or=5.140.11; En =14 Nuclearradius=9.08 X 10-"em. | E. Amaldi, et al., 
See Be® for method. See also | Nuovo cimento 3, 15 
Phys. Rev. 71, 739 (1947). | and 203 (1946) 
| o(photo-fission) <10~* for G. C. Baldwin, G. 8. 
E, up to 100 Klaiber, Phys. Rev. 
71, 3 (1947) 
o¢<2.5X10; E,=th See Pb. L. B. Borsi, et al. 
| See Pb 
o;(Bi) /a;(U**) <5.0X10 | Determined chemically by io-|E. Broda, P. K. 
n's from 0.9 d's on Li dine from fission. Wright, Nature 158, 
| 871 (1946) 
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83—Bismuth (Bi) 








Atom or 
Molecule 





Bir 





Bi?" 


| 
} 
| 
| 


| 


| 





| 
| 
| 
| 


Bi? (d.n)- | 
Pot 
Bi?°*(d,p)- 
Biz 
Bi?°*(d,3n)- 
Po 


Bi?(a@,2n) 
Bi?*(a,3n) 


Bi(d,p) RaE 
Bi(d.n) Po*®° 





Information 


o7(Bi) /oy(U™) <5.5 X10 Determined by counting tracks 
in photographic plate. 


n's from 0.9 d’s on Li 


Gac(5 d) =0.012+1%; 
E,=C 


Fission observed with 


n, E,,=100 

d, Eg=200, 150, 90, 70, 
50 

a, E_g=400 


Sign of a for scattering of 
slow n’s not changed 
when spin orientation of 


n’s is changed. Magni- 


tude may 
factor of 2 


ot for photo n’s 


a(d,p)/a(d,n)=3.6+few % 


a =0.036; Eq=20 


o =0.134+20%; Eq=20 


o0=1.1; Eg=20 


Threshold = 12 


Threshold = 19 
Threshold = 29 


o(d,p) and o(d,n) for Eg= 
5.8-8.7 


Remarks 





| activity not found. 


Bi?!?, 





products given. 
land Ta. 
| 


change by 


| ‘ 
| Ratio more accurate than abso- 


lute cross sections. 


0.2A!X10-8 em. 





Based on o(Mn)=11.4. 55 d 
See also 


| 
Relative yields of several fission 
See also Pb 


Berkeley 60 inch cyclotron. 


Nuclear radius estimated as 


Reference 


E. Broda, Nature 
| 158, 872 (1946) 





W. Maurer, Natur- 
wiss. 32, 295 (1944 


| 
I. Perlman, et ai., 
Phys. Rev. 72, 352 
(1947) 


E. Fermi, L. Mar- 
shall, Phys. Rev. 72, 
408 (1947) 


R. Fields, et ai., 
Phys. Rev. 71, 508 
D. H. Templeton, «i 
al., Phys. Rev. 72, 
758 (1947) 








| 

E. L. Kelley, E. 
Segre, Phys. Rev. 72, 
746 (1947) 


H. E. Tatel, J. M. 
Cork, Phys. Rev. 71, 
159 (1947); also 
Phys. Rev. 70, 563 
(1946) 
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Bi?!” 


(RB 


Bi?” 


+TI 


Bi?" 


Bit 


NU 








M4 


72, 


0S 


2, 


83—Bismuth (Bi) 





Atom or 


Molecule 





Bi?"” 


(RaE) 


Information 


Remarks 


Reference 





| No. a’s per B=5X1077 
a 4.872+0.05 


<0.015 Mev of photo radi- 
ation per disintegration 


T\=4.85 d 
8*<5X107*/disintegration 


7T3=5.15+0.1d 
Produced by Bi?(n,y) 
with slow and fast n's 


| 
Bi2(ThC) | Relative 
+ T1?%- E, intensity 
(ThC’’) | 1.350 10.0 
1.500 6.5 
1.600 11.0 
| 1.800 6.5 
2.200 10.0 
} 2.620 100.0 
| 
8+e~ spectrum shows com- 
plex y spectrum 
Bi?" Ty=47 m 
a 6.0 4% 
|B- 1.2 96% 
| 7y=46m 
a 5.8640.03 2% 
98% 


Bi 19.7 m 
(RaC) 


B~1.3 


The values of E, and rela- 
tive intensities are given 
for 14 y's 








From yield of 4.2 m TP. 


Determined calorimetrically. 


Characteristic radiation of Pb 
radiator used is discussed. 


55 d= activity reported by 
Houtermans and Bartz* not 
found. 


Magnetic lens spectrograph. 


T; and branching determined 
by counting a-emitting daugh- 
ter resulting from 8 decay. 


For several lines the (K conv./ 
Lconv.)=4. Positron produc- 
tion in good agreement with 
theory of Jaeger and Hulme. 


| E. Broda, N. Feath- 
ler, Proc. Roy. Soc. 
| A190, 20 (1947) 


M. Lecoin, Comptes 
rendus 224, 912 
(1947) 

K. Siegbahn, H. 
Shitis, Arkiv Mat. 
Astron. Fysik 344A, 
No. 6 (1946) 


N. Hole, Arkiv Mat. 
Astron. Fysik 31B, 
No. 9 (1944); *Nat- 


urwiss. 30, 758 
(1942) 
G. D._ Latyshev, 


Rev. Mod. Phys. 19, 
132 (1947) 


K. Siegbahn, Phil. 
Mag. 37, 162 (1946) 


F. Hagemann, L. I. 
Katzin, M. H. Stu- 
dier, G. T. Seaborg, 
A. Ghiorso, Phys. 
Rev. 72, 252 (1947) 


A. C. English, T. E. 
Cranshaw, P. De- 
mers, J. A. Harvey, 
E. P. Hincks, J. V. 
Jelley, A. N. May, 
Phys. Rev. 72, 253 
(1947) 


G. D. Latyshev, 
Rev. Mod. Phys. 19, 
132 (1947) 
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84—POLONIUM (Po) 














Remarks 


Reference 





See Bi. 


See Pb*™. 


one Information 
Po*™ Mass assignment on basis | 
of: 
(1) Decay to 6.4 d Bi®™, 
(2) Relative yields from 
a bombardment of en- 
riched Pb samples 
| Ty=9d 
K~90%, ¥ 0.8, « 
a 5.2~10% 
Produced by 
Pb*™ (a@,2n); Eg =40 
Po*? Mass assignment on basis 
of: 
(1) Failure of production 
by Bi?®® (d,3n) with Eg= 
20, hence not Po, 
(2) Relative yields from a | 
bombardment of enriched | 
Pb samples 
T)=5.7+0.1h 
K~100%, 7 1.3 
a 5.1~0.01% 
Produced by 
Pb? (@,3n); Eq =40 
Po | Mass assignment based on 
relative yields from a} 
| bombardment of enriched | 
| Pb samples. @ activity | 
| may be due partly to 
Po? 
| 
Ty~3 y 
a 5.14 
Produced by 
Pb"? (a,3n); Eg=40 
Bi? (p,2n); Ep=15 
Bi?” (d,3n) ; Eg=20 
Po o7<0.1; Ex=th 
' 





| | 
7 0.8 [abs. Pb] | 
Only other photon observed 
| has mass abs. coeff. in Al | 
of 18 em?/gm (half-thick- 
ness of 38 mg/cm?) | 














J. J. Howland, et a/ 
Phys. Rev. T1, 552 


(1947). Also Phys 
Rev. 72, 758 (1947) 


L. B. Borst, J. J. 
Floyd, Phys. Rev. 
70, 107 (1946) 


8S. DeBenedetti, 
E. H. Kerner, Phys. 
Rev. 71, 122 (1947) 
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Po" 


Po 


A t74! 


At 


At™ 


At” 


NUC 








bi, 
ys. 
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84—Polonium (Po) 
85—ASTATINE (At) 





Atom or 
Mole « ule 


Information 


| 
| 
| 
























































Remarks 


Refe rence 




















Po”! + 0.773 [l spect.] K. Siegbahn H. 
Other y’s if present are very Slitis, Nature 159, 
| weak 471 (1947) 
| 
Po? Proposed E-level diagram This scheme consistent with | G. D. Latyshev, Rev. 
(ThC’) 220 | data of other authors. Mod. Phys. 19, 132 
(1947) 
78 
_+ 1.60 
, | | 
REEL | 
= = ae4 | 
> - Sa | | 
} 12 | 
| .) aa | 
' ! | 
— +—t 0.69 | 
g| gi | gi 3: | 
| -| =| oF o | | 
: | 
| | 
@ porticies | 
Po T1=44X10*s Coincidence counting with vari- | A. C. English, et al., 
a@ 8.336+0.005 able resolving time. Phys. Rev. 72, 253 
(1947) 
T; very short F. Hagemann, et al., 
a 8.30 Phys. Rev. 78, 252 
| (1947) 
85—ASTATINE (At) 
Att a per K 44/56 
Produced by In agreement with D. R. Car- | D. H. Templeton, et 
Bi(a,2n); Eg=40 son, K. R. MacKenzie and E.|al., Phys. Rev. 72, 
Segre, Phys. Rev. 58, 672 (1940). 758 (1947) 
| 
At™s a 8.43 (Ra=8.0 em) Grows from Rn”, |B. Karlik, T. Ber- 
At a's 5x10 Possibility of branching in | nert, Zeits. f. Physik 
Poa's * Rn®® rather than Po*, | 123, 51 (1944) 
Atte a 7.66 (Ra =6.84 em) Grows from Rn”®. “3 “ 
At a's _ 3x10-~ Possibility of branching in 
Po%a's Rn”? rather than Po*"*. 
| 
At™? T,=0.021 s | T; from photographing pulses | A. C. English, et al., 


| a 7.023+0.010 


| Ty=0.018 s 
|a 7.00 








on an oscilloscope with trig-| Phys. Rev. 723, 253 


gered time base. 


T; by a coincidence method. 


(1947) 


F. Hagemann, et al., 
Phys. Rev. 72, 252 
(1947) 
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85—Astatine (At) 





















































87—FRANCIUM (Fr) 
88—RADIUM (Ra) 
Atom or % . 
Siskaie Information Remarks Reference 
At!8 @ 6.72 (Rqa=5.58 cm) Grows from Rn™. B. Karlik, T. Ber- 
At™s a's _ 3.1X10~ | Suggest possibility of branch- | nert, Zeits. f. Physil 
Po"8a’s *" | ing in Rn™ rather than Po*!*. | 123, 51 (1944) 
87—FRANCIUM (Fr) 
Fr@! Ti=5m A. C. English, et al 
a 6.31+40.02 Phys. Rev. 72, 253 
(1947) 
Ty=4.8 m Found to grow in from Ac™ | F. Hagemann, et al., 
a 6.30 decay; chemically consistent Phys. Rev. 72, 252 
with assignment given. | (1947) 
Fr23 21 m ¥ 0.090 [abs. Al] Separated from RdAc (Th”’?)|M. Lecoin, M. 
(AcK) and AcX (Ra®). | Perey, T. San-Tsi- 
ang, Cahiers phys 
No. 26, 10 (1944) 
Chem. Abstracts 41, 
232sf (1947) 
; Ty=21+1 m M. Perey, J. chim 
. | 8 1.20 phys. 43, 155 and 
; y 0.095 [abs. Pb] 269 (1946) 
1 | 
Confirm decay scheme: By isolating Fr (AcK) and|M.  Guillot, M. 
ac??? — e223 Th™? (RdAc) and measuring | Perey, Comptes ren- 
| Eq of decay products with | dus 225, 330 (1947 
) 8 | photographic plates. | 
Th22? a nett? 
88—RADIUM (Ra) 
Ra Ti=14d | a branching probably <1%. A. C. English, et al. 
| B<0.05 See Fr*! above 
Ty=14.84d | Identified chemically as a Ra| F. Hagemann, et al. 
B~0.2 [abs. Al] | daughter of Th”. See Fr®! above 
| 
| | 7 
Ra lee energies The lower lines (i.e., all except | W. Y. Chang, Phys. 
Relative | the 4.793 line) are new and are | Rev. 70, 632 (1946) 
Ea intensity | apparently at variance with the 
4.793 10° (main line) potential barrier theory, since 
4.615+0.015 1800 the theoretical intensity of 
4.218 “ 45 | alphas varies much more rap- 
4.168 “ 33 | idly with energy than the ob- 
4.119 “ 35 | served intensity. EE, meas- 
4.047 “ 25 ured with an a-ray spectro- 
ie 18 | graph. 
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Ac 


Th? 


Th’ 


NU 





uys 


46 


Ics 


























\ { \\ 
\ \ — 
89—ACTINIUM (Ac) 
90—THORIUM (Th) 
5 art Information Remarks Reference 
4 oer € 
Ac 7Ti;=10 d | A. C. English, et al., 
@ 5.801+0.010 Phys. Rev. 72, 253 
(1947) 
7T;=10.0d Identified chemically as an Ac | F. Hagemann, et al., 
a 5.80 | daughter of Ra™. | Phys. Rev. 72, 252 
(1947) 
427 Ti=2ly From curve of increase of ac- | I. Joliot-Curie, G. 
tivity in pitchblende contain-| Bouissieres, Cahiers 
ing Pa, over large number of | phys. No. 26, 1 
years. | (1944). Chem. Ab- 
Ti=21.7 y From initial slope of curve of | stracts 41, 232d 
activity increase. Previous | (1947) 
value 13.5 y; see Curie, et al., | 
Rev. Mod. Phys. 3, 427 (1931). | 
| 
80.010-0.025 fabs. Al] | |M. Lecoin, M. 
+ 0.0368, 0.015 ' | Perey, T. San-Tsi- 
ang, Cahiers phys. 
No. 26, 10 (1944). 
| Chem. Abstracts 41, 
2328d (1947) 
8<0.010 cloud chamber|/In Ac”’+Fr™ equilibrium -M. Perey, J. chim. 
(definitely <0.08 by abs.) | mixture, fraction of §’s with | phys. 48, 155 and 
y 0.037, partly converted | Eg>0.05 is equal to branching | 269 (1946) 
| a branching (1.2+0.1%) |ratio. Value of Eg~0.2 of | 
Rg =3.5+0.2 em other authors is average of 
energy of 8’s from Ac”? and | 
Fr®3, 
| ; 
| Ea Re % | Based on Ra (Po) =3.84. y of | R. Grégoire, M. 
4.95+0.02 3.46+0.02 85 | 0-352+0.05 Mev expected from | Perey, Comptes ren- 
3.10+0.05 15 | fine structure has not been re- | dus 225, 733 (1947) 
| ported. 
90—THORIUM (Th) 
Th”? 19 y’s of ~50 kev with Te Tchas Ouang, 
(RdAc) appreciable internal con- J. Surugue, Comptes 
version. rendus 218, 591 
(1944); Chem. Ab- 
stracts 40, 6981° 
(1946) 
Th” | Tw 10 y A. C. English, et al., 
laws Phys. Rev. 78, 253 





(1947) 








NUCLEONICS - May, 1948 


179 











90—Thorium (Th) 
91—PROTOACTINIUM (Pa) 











Atom or 
Molecule 


Information 





Th” 


Th 





E aa 


(UX) 


Ti=7X10' y 
@ 4.85 


o(photo fission) for y’s up 
to 100 Mev has a maxi 
mum at 15-18 Mev 


Omaz~0.025 


Exi, of the two fission 
fragments in binary fis- 
sion=135+10 (fast x 
fission) 


Light particles of long | 
range emitted in fast 
fission 

Number of particles per 
fission = 0.014+0.002 





Decay scheme 
ux, 80% 20% 
BO0.112 
80.205 
t.010 
70.093 
UX, 








e 70.3, 85.3, 8S9.9 kev! 
B™ 0.190 





' 


Remarks Reference 


| Identified chemically as the Th | F. Hagemann, et a/ 


“a | 
daughter of U**. 7) deter-| Phys. Rev. 72, 252 


mined by rate of growth | (1947) 


G. C. Baldwin, G 
S. Klaiber, Phys 
Rev. 71, 3 (1947 


n's from 6.7 Mev d’s on Be.| Tsien San-Tsiang 
Photographic plate used for E| Ho Zah-Wei, H 


determination. Faraggi, Comptes 
rendus 224, 25 
(1947) 

Photographic plate used. Tsien San-Tsiang, 


| H. Faraggi, Comptes 
|rendus 225, 2%4 


| (1947) 
N.-/Ny=0.34 L conv. | H. Bradt, P. Scher 
| N.-/Ny=0.07 M+N conv. | rer, Helv. Phys. Acta 
Unconverted +y/disintegration | 19, 307 (1946 
=0.15. | Phys. Reo. 71, 
L, e~/disintegration = 0.05. | 141(A) (1947) 


E.— and Eg obtained with mag- | S. Jnanananda, 
netic lens spectrometer. The| Phys. Rev. 69, 571) 
E.'s agree with previous re- | (1946) 


sults of Meitner, Zeits.f. Physik | 
17, 54 (1923). 





91—PROTOACTINIUM (Pa) 





Pa®! 


Eq=5.04+0.03 | 
Extrap. Ra=3.52+0.02 cm 





a rays do not seem to be mono-| M. Bachelet, G 
energetic. | Bouissieres, J. cd: 
| phys. et rad. 7, 151 
| (1946); Chem. Ab- 
stracts 41, 909h 
(1947) 
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Pa? 


Pa? 


NL 





71, 


9} 


cS 














91—Protoactinium (Pa) 





























Atom or | Information Remarks Reference 
Molecule 
Pa! % Mean Ra Ea |Mean Ra determined with] Tsien San-Tsiang 
80-85. 3.511+0.010 5.00 | differential range chamber,|M. Bachelet, G. 
8-10 3.23 4.72| using mean Ra(Po) =3.843+ | Bouissieres, Phys. 
8-10 3.20 4.69 | 0.006. Rev. 69, 39 (1946); 
E, from above fine struc-| E, from §-ray magnetic an- J. de phys. et rad. 7, 
ture alysis, 287 and 323 kev, by L. | 167 (1946) 
290+10 kev Meitner, Zeits. f. Physik 50, 15 
320+10 | (1928). | 
Pa®® 27.4 d | B-~0.2 | -y’s are largely converted. One| P. W. Levy, Phys. 
y 0.084 large conversion line falls near | Rev. 72, 352 (1947) 
0.298 upper limit of continuous £ | 
0.309 spectrum making accurate esti- | 
0.337 | mate of latter impossible. 
| Agreement with results of | 
Haggstrom, Phys. Rev. 59, 322 | 
(1941) and 62, 144 (1942). 
Pa? + 0.782, 0.822 From £f-ray spectrum. Evi-| H. L. Bradt, H. G. 
(UX) N.—/Ny=0.36, K conv. | dence also for a y of 0.806 Mev. | Heine, P. Scherrer, 
N.-/Ny=0.10, L conv. | Helv. Phys. Acta 16, 
455 (1943) 
Pam UX: |H. L. Bradt, P. 
UX | -y 0.394+0.005 strongly | Scherrer, Helv. Phys. 
+ UZ) converted | Acta 18, 405 (1945). 


UZ 
8 0.45+0.03 (90%) 
~1.2 (10%) 


Number of 0.8 y’s per UZ 
disintegration = 1.8+0.2 


| By Fermi diagram. 


| 
| 
| 
} 
| 
| 
| 
| 



































2% 
90% Vecenaarnoen 0.2% 0.15% . 
" 40.394 | H. L. Bradt, private 
; ication to 
p 0.82 communica 
ee 20% yz R. W. Stoughton, 
f045 Feb., 1947 
2 = 
81.50 <2 
BwA2 
82.32 
p1.54 
+t E,08 | 
a 
715 | 
0.82 
d 70.78 
u®* (ur 
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92—URANIUM (U) 

















to 100 Mev has a maxi- 
mum at 15-18 Mev. 


Omazr™0.05 


o(U)/o(Th) ~2 at all ener- 
gies 


Spontaneous emission of n’'s 
observed 


Partial decay constant for 
spontaneous fission = 7 X - 
10% sec 


Confirm ternary fission ob- 
served by San-Tsiang, ef 
al., (see below); failed to 
observe one quarternary 
fission in 25,000 observa- 
tions 





| ittente for ternary and 
| quarternary fission by 


slow n bombardment: 








Relative 
Partition frequency 
2 1.00 
3 0.003 +0.001 
4 0.0003 +0.0002 


Captures n's of several hun- 
dred ev, in addition to n's 

| of 7.5 ev 
| Evidence for abs. band of 
| several hundred ev width 
| 


Yield vs. mass curve for a- 
induced fission (Eg = 400) 
shows much shallower dip 
between the maxima and 
much higher yields of 





| 





| values. 








are better known than absolute | S. 
Omaz(Th) occurs at a 
| higher ZF, than omaz(U) by per- 


haps 1-2 Mev. 


Suggested due to spontaneous 
fission, 3 n’s per fission. 


From observation of neutrons 
assuming 1 n per fission. 


Photographic plate 


detection. 


a’s from Berkeley 184 inch cy- 
Ra™, Ra™ and At! 
are representative of the heavy 
isotopes also produced in this 


clotron. 


irradiation. 


used for 


At | 
Molecule Information | Remarks Reference 
U fission a(photo fission) for y’s up | Relative values for U and Th|G. C. Baldwin, G 


Klaiber, Phys 
| Rev. 71, 3 (1947) 


S. D. Chatterjee, 
Indian J. Phys. 19 
211 (1945); Chem 
Abstracts 41, 471le 
(1947) 


G. Scharff-Gold- 
haber, G.S. Klaiber, 
Phys. Rev. 70, 229 
(1946) 


L. L. Green, D. L 
Livesey, Nature 159, 
332 (1947) 


Tsien San-Tsiang, 
Ho Zah-Wei, R. 
Chastel, L. Vig- 
neron, Phys. Rev 
71, 382 (1947); 
Comptes rendus 223, 
986 and 1119 (1946) 
and 224, 272 (1947) 


K. Sauerwein, Z. 
Naturforsch. 2a, 73 
(1947); Chem. Ab- 
stracts 41, 5382d 
(1947) 


G. T. Seaborg, B. B. 
Cunningham, H. H. 
Hopkins, M. Lind- 
| ner, D. R. Miller, 
ba R. O’Conner, I. 











lightest fission products Perlman, R. C. 
than is found with slow n Thompson, Phys. 
fission Rev. 72, 740 (1947) 
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At 
Me 


uU™ 


Us 


i 


us 


NUC 





92—Uranium (U) 





Atom or 


ti 
Molecule Info _ 


Remarks 


Reference 





uss a 4.825+0.003 


T4=(2.2940.14) X10 y 


T= (2.3540.14) X10 y 


|Z and M X-rays detected 

| Number L X-rays per a= 
0.33-2 

No K X-rays found 


Rq=3.258+0.050 em 





| Ohad Spin =5/2 or 7/2 


| Rg =2.83+0.08 cm 


Nuclei formed in fission: 
decay characteristics, fis- 
sion yields and chain re- 
lationships 


U* fission 


Number of long range a’s 
per slow fission = 1/250 


| Curve for fission yield vs. A 
for E, thermal 


U= Rq=2.702+0.010 cm 





Using mass spectrograph on 
natural U for isotopic abun- 
dance, and the known 7, of 
U8 =4.51 X10" y 

From specific @ activity of 
U* determined from a@ activity 
of several enriched samples. 
(Authors imply this method 
more accurate.)T 


Al abs. curve given. 


X-rays may result from e re- 
coil on @ emission. 


Based on Rq(Po) =3.844. 


5/2 favored on experimental 
grounds. 


From curve of no. a’s vs. oscil- 
lograph deflections using natu- 


ral U. 


Compiled by J. M. Siegel. 


Based on Rq(Po) =3.844. 


¢ Compilers’ comment 


} 





A. C. English, et al., 
Phys. Rev. 7%, 253 
(1947) 


O. Chamberlain, D. 
Williams, P. Yuster, 
Phys. Rev. 70, 580 
(1946) 


G. B. Knight, R. L. 
Macklin, Phys. Rev. 
72, 435 (1947) 


S. A. Wytzes, G. J. 


Van Der Maas, 
Physica 13, 49 
(1947) 


O. E. Anderson, H. 
E. White, Phys. Rev. 
71, 911 (1947) 


G.J. Van Der Maas, 
J. L. Yntema, Phys- 


| ica 18, 453 (1947) 


Issued by Plutonium 
Project, J. Amer. 
Chem. Soc. 68, 2411 
(1946) and Rev. 
Mod. Phys. 18, 513 
(1946) 


G. Farwell, E. Segré, 
C. Wiegand, Phys. 
Rev. 71, 327 (1947) 


W. E. Grummitt, G. 
Wilkinson, Nature 
158, 163 (1946) 


S. A. Wytzes, et al., 
See U4 
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92—Uranium (U) 
93—NEPTUNIUM (Np) 
eater’ Information Remarks Reference ; 
U*? 23 m Produced by The excitation function for|N. Feather, R. S. Np? 
Ud, Ea=9 U**(d,p) U** studied; conclude| Krishnan, Proc. 
B 1.20+0.02 Oppenheimer-Phillips mecha- | Cambridge Phil. Soc. 
7 7643 kev | nism responsible for larger part | 43, 267 (1947): 
e~ and other y of low in-| of yield. Chem. Abstracts 41, : 
| tensity 4711¢ (1947) Np? 
L X-rays 
93—NEPTUNIUM (Np) 
Np™ Ti\=4.4d G. T. Seaborg, R. A. 
K,y | James, A. E. Florin, 
Produced by H. H. Hopkins, M. 
U**(d,3n); Ea=20 |H. Studier, E. K. ae 
Pa™"(a,n); Ea=40 |Hyde, A. Ghiorso 
U**(a,p4n); Eg=40 and others, reported 
| lin Science 104, 379 | Pu 
(1946) 
Np™ T,=240d _ * « 
K | 
Produced by 
U**(d,2n); Eg=20 
: U**(a,p3n); Eqg=40 
Np T;=20h 
B 
Produced by 
U*5(d,n); Eg=20 | 
U*8(d,4n); Eq=20 
U**(a,p2n); Eqg=40 | 
Np*7(d,p2n); Ea=20 
Np”? 2.25 oy increases from apparent | Depends on oy's of U**, U8| E. D. Klema, Phys. 
«108 y threshold at E,~0.2 to|and Pu®® measured at Los | Rev. 72, 88 (1947) 
1.45 at E,=1.2 where it | Alamos. 
remains essentially con- 
stant up to £,=3.0 
Gac=200+100; E,=ther- G. T. Seaborg, A. H. 
mal Jaffey, L. B. Mag- 
o7=0.02; E,=thermal Effect definite, n’s Cd absorb- | nusson, reported in 
able. Science 104, 379 
(1946) 
Np** 2.0 d_ | Produced by G. T. Seaborg, e¢ al., 
U*8(d,2n); Ea=20 reported in Science 
U*8(a,p3n); Eqg=40 104, 379 (1946) 
U*(a,p); Ea =40 Jo 
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ted 


379 


Th 





93—Neptunium (Np) 








94—PLUTONIUM (Pu) 
Atom or Information Remarks Reference 
Molecule | 
Np? | Ti=2.31 d K. Philipp, J. Ried- 
| g0.48 hammer, Z. Natur- 


} 


y 0.50, 0.208, 0.226, 0.276 


Np*® 2.3 d Produced by 
U*8(d,n); Eq=20 


U*"8(a@,p2n); Eqg=40 


¥ 0.206 [spect.] 
0.225 


“nd 


LK, L, and M conversion e~'s 


| observed. 


forsch. 3 372 (1946) 


G. T. Seaborg, et al., 
reported in Science 


104, 379 (1946) 


K. Philipp, J. Ried- 


hammer, Naturwiss. 





0.275 32, 216 and 229 
| (1944) 
94—PLUTONIUM (Pu) 





Ty=2.411X 104 y 


a 5Q 
| Ra=3.68 cm 


By comparison with Po a’s; 
Raq(Po) =3.842 cm 


From calorimetric determina- 
tion: (energy produced due to 
a decay) = 1.923X10°+41% 

| absolute watts/gm. 

| 
| By comparison with Po a's; 
Raq (Po) =3.842 cm. 





Number of long range a’s 


per slow fission=1/500 


Eq (max) = 16 


|O. Chamberlain, J. 
W. Gofman,' E. 
Segré, A. C. Wahl, 
Phys. Rev. 71, 529 
(1947) 


J. W. Stout, W. M. 
Jones, Phys. Rev. 
71, 582 (1947) 





| O. Chamberlain, et 
jal. See Pu 
' 

G. Farwell, et al., 
| Phys. Rev. 71, 327 
| (1947) 


| (delayed n’s per Pu*®® fis- | Irradiated with thermalized n | R. R. Wilson, Phys. 


sion)/(delayed n’s_ per 
U* fission) = 0.44-0.48 


Decay curves indicate de- 
layed n’s possibly came 
from same fission prod- 


ucts in both cases 


| (delayed n’s per Pu®® fis- 

| sion)/(delayed n’s_ per 
U*® fission) 

| ==0.47, delayed by>2s 

| =0.40, “ “>5s 


beam from cyclotron. 


| 
| 
| 
| 


Los Alamos water-boiler ther- 
mal column for n source. Shape 
of decay curve for delayed n’s 
very nearly same as for U™. 





| Rev. 71, 560 (1947 


F. de Hoffman, B. 
T. Feld, Phys. Rev. 
72, 525 (1947) 
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94—Plutonium (Pu) 
95—AMERICIUM (Am) 
96—CURIUM (Cm) 





Atom or 


Molecule 


Information Remarks Reference 





Pu! T; long |G. T. Seaborg, R. 
| |A. James, L. O, 
| Produced by Morgan, reported in 
U™8(a,n); Eqg=40 } Science 104, 379 

(1946); Chem. Eng. 

| News 25, 358 (1947) 





95—AMERICIUM (Am) 


Am*! T4=500 y G. T. Seaborg, R. 
a A. James, L. O. 
Produced by Morgan, reported in 
Pu™'! decay Science 104, 379 
U*8(a,p); Eg =40 (1946); Chem. Eng. 
News 25, 328 (1947) 





Ti=18h G. T. Seaborg, R. 
B A. James, L. O. 
Produced by Morgan, reported in 

Am*!(n,y); En =thermal Chem. Eng. News 
| 25, 358 (1947) 











96—CURIUM (Cm) 


Cm*° Ty=30d Rel. yield of Cm™°/Cm™ by|G. T. Seaborg, R. 
a Pu™® @ increases with Eq. A. James, L. O. 
Produced by Morgan, reported in 
Pu**(a,3n); Eqg=40 Science 104, 379 
(1946); Chem. Eng. 
News 25, 358 (1947) 





T,=150d See Cm™®. 


a@ 
Produced by 
Pu™*(a,n); Eag=40 
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